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INTRODUCTION

During the last decade there has been a large increase in U.S.
dependence on o0il from Middle East and African nations. In 1970,
0il from these nations made up 10 percent of U.S. imports and 2
percent of total petroleum supplies. By 1980, this share had grown
to about 50 percent of imports and nearly 25 percent of total sup-
plies. Unfortunately, military conflicts, terrorism, and political
instability have been commonplace in these areas and pose a well
recognized threat to o0il exports. Four disruptions in oil exports
from the Middle East within the past eight years bear witness to
this danger: a politically motivated, selective embargo by Arab
0il exporters beginning in late 1973, the loss of Iranian o0il ex-
ports due to internal turmoil both in 1978 and in 1979, and the
Irag-Iran war in 1980-1981. In the first three instances, and
potentially the latest if the conflict should worsen or spread, the
disruption was accompanied by sharp increases in world oil prices.

The Senate Committee on Energy and Natural Resources recently
completed a study on the geopolitics of oil.l In its assessment
of U.S. dependence on Persian Gulf oil, the study states, "The Uni-
ted States and our allies are likely to experience at least two
more decades of vulnerability to supply disruptions, political man-
ipulation of o0il supplies, and periods of panic buying on the spot
market." The United States had a taste of the effects of supply
disruptions in 1973 and again in 1978 and 1979. But the economic
losses and hardship of these three experiences could be considered
small by comparison with the potential effects of a complete inter-
ruption of o0il exports from the Persian Gulf. The history of the
past decade and the outlook for the next make an obvious case for
the need to improve U.S. energy security.

In formulating appropriate government policies to increase en-
ergy security, it is important to distinguish between two concepts:

dependence and vulnerability.2 Dependence 1is defined as the
amount of o0il imported. Vulnerability is defined as the potential
damage from a supply disruption. In theory, an o0il consuming na-

tion might have a high level of dependence but low vulnerability if
its imports are widely dispersed among relatively secure sources.
In practice, the United States 1is unlikely to achieve this goal
given the distribution of world oil reserves.

lcommittee on Energy and Natural Resources, United States
Senate, Staff Report, The Geopolitics of 0il, December 1980.

2p discussion of the concepts of dependence and vulnerability
is contained in Summary Findings, Conference on Petroleum Inter-
ruptions and National Security, May 9-11, 1980, sponsored by the
Energy Committee of the Aspen Institute for Humanistic Studies,
Alvin L. Alm, Chairman.




Reducing long-term dependence on o0il imports is an essential
part of national energy policy. Lower levels of dependence can
help alleviate pressures on world oil markets, reduce balance of
payment problems, reduce the margin of vulnerability by extending
the protection provided by stockpiles or conversely by reducing the
required volume of stockpiles, and strengthen the strategic posi-
tion of the United States and its allies.

The primary focus of U.S. energy policy development, beginning
with Project Independence in 1973 through passage of the Energy
Security Act of 1980, has been on reducing import dependence. De-
spite these important efforts, energy analysts now generally agree
that, due to the lead times involved, the nation will still remain
dependent on substantial volumes of o0il imports for at least the
next decade or two. Moreover, even if the nation could somehow
achieve independence from imports, U.S. allies and major trading
partners would still be heavily dependent on imported oil. Eco-
nomic links and oil sharing agreements with these nations would
make it highly unlikely that the United States could escape the
effects of a major world oil supply disruption.

0il supply disruptions are damaging in three ways. First,
the disruption results in physical loss of o0il supplies which can
create personal hardship and reduce business activity. Second,

the upward ratcheting of oil prices which may follow the disruption
generates substantial wealth transfers, induces productivity los-
ses, and increases inflation. Third, the economic dislocations as
well as any military threats or political coercion which accompany
the disruption can result in serious foreign policy implications.

Preparations to date to minimize the nation's vulnerability to
these threats have been few. Two positive steps were taken in the
wake of the 1973-1974 embargo: the creation of an emergency oil
sharing program under the International Energy Agency (IEA) and of
a U.S. Strategic Petroleum Reserve (SPR). Two prior National
Petroleum Council studies, Emergency Preparedness for Interruption
of Petroleum Imports into the United States (September 1974) and
Petroleum Storage for National Security (August 1975), strongly
endorsed the establishment of a Strategic Petroleum Reserve. Im-
plementation of the SPR program, however, has fallen short of the
timetable set for capacity and fill rates. In previous oil short-
falls, the U.S. response has relied on the use of comprehensive oil
price and allocation controls, voluntary and government-mandated
demand reduction and fuel switching steps, and private inventories
which happened to be available.

Broad standby emergency authority for crude oil and product
allocation and price controls under the Emergency Petroleum Allo-
cation Act of 1973 (EPAA) is scheduled to expire on September 30,
1981. Other statutes, unless changed, will continue to provide
government with certain standby authorities for use during supply
emergencies. Included in these statutes are limited authorities
for actions necessary to implement U.S. obligations under the
International Energy Agency agreement, authorized by the Energy
Policy and Conservation Act of 1975 (EPCA); conservation contin-



gency programs which may not include rationing, fees, taxes, re-
bates, or other mechanisms affecting oil prices (EPCA); adjustment
of foreign imports (Trade Expansion Act); and actions necessary to
divert supplies for military priorities and maximize domestic ener-
gy supplies (Defense Production Act). (See Appendix D for addi-
tional information on existing emergency authorities.)

On June 3, 1980, Deputy Secretary of Energy John C. Sawhill
requested that the National Petroleum Council (NPC), an industry
advisory committee to the Secretary of Energy, undertake a study of
certain issues bearing on emergency preparedness in the event that
imported energy supplies are interrupted. The three areas of par-
ticular concern to be addressed were:

@ The ability of the nation's supply and distribution system
to operate under constrained conditions

e The regulatory and statutory climate needed to minimize
damage to the nation

@ The organization and method of operation of the industry/
government relationship under emergency conditions.

(See Appendix A for the complete text of the Secretary's re-
quest letter and a description of the National Petroleum Council.)

In response to this request, the Council established the Com-
mittee on Emergency Preparedness under the chairmanship of Clifton
C. Garvin, Jr., Chairman of the Board, Exxon Corporation. Deputy
Secretary Sawhill served as the Committee's Government Cochairman.
The Committee was assisted by a Coordinating Subcommittee chaired
by Edward T. DiCorcia, Vice President, Supply Department, Exxon
Company, U.S.A. Barton R. House, Deputy Administrator, Operations
and Emergency Management, Economic Regulatory Administration, U.S.
Department of Energy (DOE), served as the Subcommittee's Government
Cochairman. The membership of the study groups and the Council re-
flects a broad spectrum of o0il and gas companies and also includes
representatives of labor, research, and public interest and aca-
demic organizations (see Appendix B for rosters of participants).
With such a wide diversity of representation, this report frequent-
ly reflects either the majority or consensus view of the Council,
and does not always reflect a unanimous view.

The scope of the study is specifically limited to emergencies
stemming from major cutoffs of oil imports into the United States.
It does not deal with public issues related to the petroleum indus-
try during non-emergency conditions. In addressing the areas of
concern identified by Deputy Secretary Sawhill, the NPC has consid-
ered the identification of steps which should be taken by the gov-
ernment in advance to prepare for future disruptions as well as the
development of government strategies to be implemented during the
emergency to minimize negative effects on the nation. Five oil
import disruption scenarios, ranging in magnitude of from 1.0 mil-
lion barrels per day (MMB/D) to 4.6 MMB/D and in duration of from
six to 12 months, were provided by DOE for analysis. The study



recognizes, however, that in an actual o0il supply emergency, the
ultimate magnitude and duration of the disruption are very likely
to be among the many uncertainties at the outset, and the study
recommendations attempt to deal with this uncertainty.

The Council has attempted to achieve in this study several
characteristics which were reflected in earlier NPC studies on
emergency preparedness: (1) recommendations for government action
which are practical and specific; (2) timely completion in order to
meet current needs of government; (3) a primary focus on national
interest but appropriate consideration of regional, sector, and
private interests; (4) a sensitivity to opposing points of view;
and (5) advice based on sound analysis and petroleum industry
expertise.

Considerable research on emergency preparedness 1issues has
been conducted in the recent past by both private and government
groups. To ensure consideration of a diversity of views, the study
participants examined recent reports prepared by academicians, con-
sultants, and government agencies. A bibliography of some of the
resource materials examined by the Subcommittee during the study is
provided in Appendix C. The study participants also had the bene-
fit of firsthand discussions with the authors of a number of these
studies at its meetings.

It is soon apparent to those who study the vulnerability prob-
lem that there is no obviously best plan for minimizing the nega-
tive effects of supply disruptions. This study attempts to present
a comprehensive review of the options available for use in an emer-
gency, but preparedness plans must be flexible enough to deal with
contingencies as they occur and should be continually reviewed and
updated as the world energy situation evolves. At best, a major
disruption in imported oil supplies will substantially depress eco-
nomic activity, increase unemployment, add to inflation, inconveni-
ence consumers, and perhaps cause personal hardship. At worst, it

could seriously threaten the nation's security. The American pub-
lic should clearly understand that emergency preparedness plans are
not designed to make the nation invulnerable -- that can only be

accomplished over many years by substantially reducing oil import
dependence both in the United States and in other major consuming
nations. What preparedness plans can hope to do is to help protect
national security and make a very painful problem somewhat less
painful.



OVERVIEW

During the course of the study, the following broad objec-
tives were 1identified for plans formulated to manage o0il import
disruptions:

Paramount among these is the protection of national security
and the foreign policy interests of the United States. The
introduction to this report has already pointed out the
vital links between the United States and its major allies
and trading partners and the need to work in concert 1in
developing emergency preparedness plans. Such plans should
be designed to buy time and take pressure off top level gov-
ernment decision-makers to allow them to focus on critical
foreign policy and national security issues which may accom-
pany major interruptions of petroleum supplies.

The plans should also:

Provide for the protection of public health and safety and
maintenance of vital services.

Minimize macroeconomic losses during the disruption. Ap-
propriate government monetary and fiscal policies will be
needed to offset the effects of price increases which may
occur during a supply disruption. In a severe disruption,
existing tax laws would potentially yield large increases in
revenue to both federal and state governments as oil prices
rise. These governments must be prepared to adjust revenues
and outlays in an emergency to minimize distributional in-
equities and fiscal problems.

Encourage actions which help to restrain disruptive in-
creases in world oil prices. Demand restraint should be
encouraged, and maximum use of available supplies should be
facilitated. Actions which increase competition for limited
available supplies of o0il during a disruption such as panic
buying or hoarding by either suppliers or consumers should
be discouraged.

Bolster public confidence and encourage cooperation both in
preparing for and responding to energy emergencies. Provi-
sions should be made for educating the public in advance of
a crisis and for effective communications during the crisis.
An important part of this effort should be to encourage
suppliers and consumers to develop contingency plans for
disruptions.

Promote efficient petroleum industry operations during the
emergency. Import disruptions will create dislocations in
U.S. petroleum refining and logistics systems, so plans
should facilitate -- not hinder -- the operational adjust-
ments needed to ensure effi¢ient use of available resources.




@ Minimize to the extent possible intrusions on the achieve-
ment of long-term national goals such as the preservation of
environmental quality, personal freedoms, a competitive
economy, an equitable tax structure, and the reduction of
0il imports dependence.

@ Be made as simple as possible to administer and enforce.
Any government-mandated programs which may be needed to deal
with disruptions should be designed to minimize special
exceptions.

While it is not difficult to agree that these are desirable
objectives, it should be recognized that, in reality, no plan can
fully achieve all these goals.

@ Conflicts are inevitable and tradeoffs will be necessary.
National 1interests must be balanced against regional or
sectoral interests. Long-term goals may have to be com-
promised against short-term realities. While plans should
be developed with as rational a basis as possible, they must
also be politically and practically workable.

@ A large degree of humility in approaching these problems
seems especially appropriate. Pre-planning for energy emer-
gencies is certainly prudent, but caution is needed against
false confidence in the ability to choose in advance the
best response to specific situations the nation may be con-
fronted with in future crises. Likewise, the hard lessons
learned from dealing with past import curtailments can be
valuable, but they should not automatically be applied with-
out very careful consideration in severe disruptions which
are beyond the bounds of knowledge and experience.

There appears today to be widespread acceptance that competi-
tive markets provide the most efficient allocative mechanism of
resources under non-emergency conditions. Further, academicians
and consultants who provided their views express strong support for
reliance on market mechanisms even in the most severe import dis-
ruptions. They argque that efficient distribution of resources in a
crisis is even more urgent than under normal circumstances. They
also point to the distortions that have been experienced under com-
prehensive o0il price and allocation control systems in the past.

While not wunanimous 1in reaching its recommendations, the
Council's majority view recognizes that neither pure free-market
mechanisms nor regulatory mechanisms are perfect in real-world
circumstances and that, under emergency conditions, either might
have serious shortcomings.

e It is the majority view that, in an emergency situation,
economic efficiency represents a persuasive argument for
maximum reliance on competitive market mechanisms to the
extent practicable.



e However, it is also recognized that sudden major interrup-
tions of imported petroleum supplies may, due to the uneven-
ness of their impacts, create exceptional hardships for
individual consumers and their suppliers which may not be
rapidly accommodated by competitive market adjustments. The
primary concern in the most severe disruptions is not the
elegance of the theoretical solution, but rather the prac-
tical considerations of ensuring that all petroleum consum-
ers have a supplier, that limited available supplies are
handled in as efficent and equitable a manner as possible,
and the recognition that all are likely to suffer some hard-
ship but will be asked to cooperate with the government for
the national good.

@ Putting aside ideological pre-conceptions or political pref-
erences, participants in this study have struggled to find a
workable approach which would leave the petroleum industry
adequate flexibility in emergencies to fulfill its role of
being an efficient supplier of available petroleum products,
while ensuring that government has available through a lim-
ited program of standby emergency measures the tools it may
need to deal with the distributional inequities and hard-
ships which are likely to occur.

The measures recommended in the report do not eliminate sacri-
fices in true national emergencies.

e Some companies would be required to share their oil supplies
with others more severely affected by the disruption; but,
on the other hand, the disadvantaged companies would not be
fully protected.

@ Some companies might, in the most severe disruptions, be
faced with inoperable plants.

e All companies would have certain obligations to maintain
continuity in supplying customers.

® Consumers would be faced with paying higher prices and doing
with less.

e Certainly government will need to exercise prudence and
restraint while under extreme pressure from special inter-
ests to intervene for the purpose of mitigating perceived
inequities.

In summary, the overall approach recommended is one of maximum
reliance on market mechanisms coupled with an array of available,
flexible, and constructive emergency standby measures so that the
Administration would ‘attempt to match and adjust the response
options selected with the ongoing assessment of the severity and
nature of the disruption.



e The Council recognizes that discretionary implementation of
emergency measures could lead to their use in minor disrup-
tions or, even worse, during normal fluctuations in markets.
It is believed to be virtually impossible, however, to de-
fine specific pre-determined trigger mechanisms which would
adequately anticipate all of the many factors that might
appropriately enter into future decisions by the President
to activate emergency measures.

e This study, therefore, proposes the concept of an emergency
management process which requires as a necessary element for
activation specific events which either threaten or cause a
sudden disruption in world oil supplies. In addition, be-
fore activating emergency procedures, an assessment would be
required that such an event would result in severe conse-
quences for the United States. These consequences might,
for example, include a threat to national security, signifi-
cant foreign policy implications, major distributional
inequities, and sharp and disruptive increases in world oil
prices.

@ While the system would be flexible going into an emergency,
explicitly defined termination provisions are recommended.
So-called "sunset" mechanisms would specify a limited period
of time after which a new Presidential or Congressional
finding would be required for continuation of any emergency
measures put into effect.

e This approach would give the President adequate flexibility
in activating emergency plans while providing reasonable
assurances that these measures would not be triggered at
inappropriate times or, as in past experience, become perma-
nent fixtures even after the emergency is over. It would
also preserve the President's discretionary authority to
take the steps he decides are needed to meet U.S. obliga-
tions to the International Energy Program.

DOE provided the Council with o0il import disruption scenarios,
ranging in magnitude from a 1.0 MMB/D to 4.6 MMB/D shortfall and in
duration from six to 12 months, to be used as a basis for analysis
in the study. The Council and the DOE both recognize that it is
impossible to capture in a set of paper scenarios all the actual
complexities which might exist in future emergencies. However, the
scenarios proved to be a valuable tool in this study. They pro-
vided clear points of reference on which to focus discussions and
made it possible to quantify the effects of various emergency
supply/demand response strategies and test them for reasonableness.

To provide useful advice to government, it is at least inade-
quate and possibly dangerous to discuss a flexible approach to
response strategies in the context of ambiguous terms such as
"small disruptions" or "large disruptions" without providing some
clearer guidance as to order of magnitude. Therefore, the recom-
mendations of this study are organized in terms of strategies for
import disruptions to the United States of up to approximately 1



MMB/D and 2 MMB/D and those larger than approximately 2 to 3 MMB/D.
Caution is needed, however, that this matching of disruption mag-
nitude to specific strategies not be taken too literally, because
there are obviously many factors, in addition to the size of im-
ports disruption, which would be considered in selecting response
options. It is also useful to distinguish between "imports dis-
ruption"” which is the level of gross initial curtailment of im-
ported o0il and "shortfall" which 1is the 1level of net remaining
unsatisfied demand after taking recommended emergency demand and
supply management steps. With effective emergency management, the
resulting "shortfall" could be much smaller than the initial "im-
ports disruption.,”

The discussion in Chapter One illustrates how the DOE scenarios
may be used to examine the flexible approach recommended for re-
sponding to oil import disruptions, and shows, for selected months
in each scenario, the estimated effects of implementing the recom-
mended sequence of response options.

@ Competitive market mechanisms would be relied on as the
primary adjustment mechanism to the extent practical.

® Market mechanisms would be reinforced by a program to com-
municate the need for voluntary actions by suppliers and
consumers to reduce o0il consumption, substitute alternate
fuels where possible, and use privately held inventories.
These voluntary measures, if effectively implemented, might
be adequate to cushion the effects of import disruptions of
up to about 1 MMB/D to the United States.

® For imports disruptions ranging up to about 2 MMB/D to the
United States, market mechanisms and voluntary responses
would be supplemented by further government actions such as
mandated switching from o0il to gas or coal, mandated wheel-
ing of electricity to displace o0il and gas with coal and
nuclear-generated power, temporary emergency relaxations of
environmental standards where necessary to facilitate use of
higher sulfur fuelgs, state and federal actions to facilitate
emergency domestic 0il and gas production, and mandating of
limited demand reduction steps such as lower speed limits
and commercial thermostat management. In addition, current
SPR fill would be diverted to the market.

@ The demand reduction, fuel switching, diversion of SPR fill,
and emergency production steps identified in the study have
the potential for cushioning the impact of import disrup-
tions of roughly 2 to 2.5 MMB/D. 1In very severe disruptions
as 1illustrated by DOE Scenarios 3 and 4, cumulative net
shortfalls in the United States of about 300 million barrels
would be left which would have to be balanced by some combi-
nation of additional price-induced demand reduction, use of
consumption taxes or import fees, rationing, and drawdown of
private inventories and SPR reserves.

AN
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Crude o0il stocks in the SPR above a level of about 200 mil-
lion barrels should be readily available for use in cushion-
ing the impacts of supply disruptions of varying sizes.
However, stocks below this level should be held in reserve
for vital defense, health, and safety needs. Making SPR
stocks more readily available to cushion the impacts of dis-
ruptions represents a change from the 1975 NPC Petroleum
Storage for National Security study recommendation and re-

flects a recognition of the need to try to both minimize the
harmful effects on consumers of very severe interruptions as
well as cushion the significant impacts which may be unnec-
essarily experienced in early months of even smaller inter-
ruptions when the full effect of the cutoff hits the United
States but before emergency supply/demand management mea-
sures have become fully effective.

For o0il import disruptions in excess of 2 to 3 MMB/D, the
study recommends that, in addition to relying on market
mechanisms and the steps prescribed for smaller disruptions,
a limited standby program of emergency crude oil and product
distribution and product margin measures be available to the
government. The program would include crude o0il sharing to
bring all refiners to a common crude o0il run ratio based on
pre-emergency crude oil runs; a limited system of priority
user designations, state set-aside, and product distribution
guidelines; and simplified margin limitations on refiners,
jobbers, and dealers. It is recognized that these measures
are both fundamentally flawed and, as implemented by the DOE
in the past, have been unsatisfactory. Unlike other op-
tions, however, the measures recommended have been tested
and analyzed in actual practice.

The use of emergency consumption taxes, emergency import
fees, or coupon rationing is not specifically recommended,
but this is more a matter of the state of existing knowledge
of these steps rather than a deliberate choice to foreclose
their use. The Council recognizes that consumption taxes,
import fees, and coupon rationing are potential standby
mechanisms for use during severe supply disruptions. How-
ever, these are highly complex measures that require more
study before recommendations can be made with confidence.

Some of the factors that motivated selection of the flexible
mixed approach require explanation. While considerable input
received from experts in market economics, the subject is not
that can be precisely dealt with based on hard facts, research,
analysis. There has been much said and written about various

aspects of the problem of what to do in the event of a supply dis-
ruption, but this study is one of the few attempts to deal in an
overall and specific fashion with the problem. While any emergency
management strategy has broad policy implications, this study deals
primarily with the practlcal supply problems likely to accompany an
imports disruption in a way that improves the prospect that all
consumers will be served, while at the same time seeking to mini-
mize undesirable side effects. While political acceptability is a

10



factor considered, the recommendations have not been developed for
political expediency but rather in the belief that at this time
they are most likely to serve this country well in the event of an
actual supply disruption.

The study is neither totally free-market oriented nor does it
call for government intervention until the need is apparent. Com-
ments have been received from those who would like greater reliance
on a free market, while there are others who are appalled at the
potential exposure to competitive market forces contemplated by
this study. However, the recommendations are based on a judgmental
compromise that suggests that the government's overall strategy for
emergency management of oil import disruptions should be to rely to
the maximum extent on market mechanisms, but to have available a
variety of emergency standby options of increasing severity to deal
with shortages of increasing magnitude.

The actions called for in this report in dealing with supply
disruptions of up to about 2 MMB/D are the type of actions that
would be prompted by competitive market forces, and the study rec-
ommendations are designed to facilitate these actions. This is not
to say that petroleum prices will not rise if the recommended steps
are taken. However, the clear intent is that price impacts accom-
panying a supply disruption will not be nearly as great as they
would otherwise be if these steps were not taken. In very severe
disruptions, as illustrated in Chapter One by DOE Scenarios 3 and
4, large cumulative shortfalls would be left after taking all the
steps recommended. Thus, supply disruptions in excess of 2 to 3
MMB/D have the potential to strain the fabric of the nation. In
order to alleviate that strain, this report recommends that, for
disruptions in excess of roughly 2 to 3 MMB/D, the government have
available (at least until such time as other options are advanced
beyond drawing-board status) a limited framework of crude oil dis-
tribution and product margin and distribution measures.

A complex contract structure connects refiners to the marketers
and end consumers they serve. During severe supply disruptions,
individual refiners will likely be disproportionately impacted in
their access to crude o0il and that disproportionate impact will be
transmitted to the marketers, consumers, and regions of the country
they serve. Contractual commitments may constrain other refiners,
whose access to crude o0il has not been as severely disrupted, from
attempting to alleviate the effects on the disproportionately
impacted refiners or their customers.

To those who are supporters of competitive market forces it
must be conceded that, given time, the market would probably sort
out these problems -- but perhaps not before severe financial im-
pact on many refiners and marketers, and perhaps not before exten-
sive inconvenience to many individual consumers and various regions
of the country. Wide variations in product prices should also be
expected across the country 1in response to disproportionate

availability.
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One emergency standby mechanism not recommended deserves spe-
cial discussion, namely the reimposition of domestic crude oil
price controls. Adherence to a policy of continued market pricing
of domestic crude o0il during normal as well as disrupted markets
offers a number of advantages.

e It maintains proper signals to consumers and producers, and
encourages increased production, demand restraint, and fuel

switching.

e It allows the composite of domestic and imported crude oil
prices to clear markets as efficiently as possible.

e It supports agreements with other o0il importing governments
to refrain from actions which subsidize crude o0il imports,
and limits the opportunity for roll-in of higher imported
crude o0il prices.

@ It avoids pressures for cost-equalization systems like the
entitlements program.

@ It preserves the opportunity for a return to normal market
conditions, with little or no government intervention, with-
in a short time after the cessation of a crude o0il imports
disruption. Even with clear "sunset" provisions, experience
has shown that domestic crude o0il price controls may be
extremely difficult to eliminate or phase out after a
disruption.

To the extent that domestic crude o0il prices rise during a dis-
ruption, the so-called crude oil "windfall profit" tax would di-
rect a substantial percentage of the increased revenues to federal
and state governments.

Those standby mechanisms that are recommended to be available
to the government for dealing with the more severe supply disrup-

tions also deserve discussion. As mentioned earlier, crude oil
access may be expected to be a serious refiner concern, especially
during a major crude oil imports disruption. Recognizing this

concern, the study offers the controversial recommendation that a
standby crude o0il distribution program be available in a severe
disruption to distribute available crude o0il among all domestic
refiners on a common national crude oil run ratio. The pricing
basis for crude oil transactions among refiners required to achieve
the common crude o0il run ratio is designed not to provide unwar-
ranted benefits either to buyers or sellers. Such a program would
facilitate a reasonably uniform geographic distribution of the
available crude oil and allow each domestic refiner an opportunity
to continue serving its customers during the crisis. In order to
enhance operational efficiency, no restrictions on exchanging or
processing crude oil among refiners should be imposed.

It is recognized that any mandated crude oil distribution pro-
gram would act as a disincentive to private stockbuilding, would
require a bureaucracy to maintain the data and compliance systems
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necessary for successful operation, and would have the potential
for building constituencies against 1its deactivation. Thus, im-
plementation of a standby crude oil distribution program should
occur only after a clear assessment that a major disruption has
occurred. The program should include a sunset clause providing for
discontinuation within a set period of time, probably three to six
months. The program should also exclude provisions for distribu-
tion of initial stocks held by refiners to reduce disincentives to
private stockbuilding. Objectionable features of past programs of
this type such as the so-called buy/sell program and freeze rule
should not be included.

Once refiners are provided reasonable access to crude oil dur-
ing a severe supply disruption, the recommended strategy assumes
that those refiners should continue serving their customers on a
reasonably proportionate basis. Most jobbers, dealers, and large
end consumers have contracts with their suppliers that would ade-
quately address product distribution concerns in most situations.
Those contracts are backed up by an extensive body of law, some of
which is unique to the petroleum industry (such as the Petroleum
Marketing Practices Act). Even in severe emergencies, many if not
most suppliers would assure their customers of continued equitable
distribution of available supplies, but some suppliers might take
action, such as contract termination or market withdrawal, that
would raise public concern. To address these concerns during a
severe supply disruption, this study recommends that government
have available the following standby measures:

e Require the continuation of product supplier/purchaser
relationships for the duration of the disruption.

e Limit the designation of priority users to those required
for protection of national defense and public health and
safety.

e Establish a state set-aside program to provide limited
volumes for distribution within each state's discretion
during the crisis.

During a severe crude o0il supply disruption, there 1is also
likely to be considerable public concern for downstream "windfalls"
in petroleum manufacturing, distribution, and marketing. This con-
cern will 1likely be most evident immediately following a supply
disruption before crude oil prices rise sufficiently to clear the
market. These potential public concerns are addressed through a
standby product margin limitation program. Such a program could be
developed to allow refiners and marketers to continue earning ade-
quate margins while allaying public pressures for a downstream
"windfall profit" tax.

These federal standby emergency supply distribution measures
for crude oil and products, as well as the product margin measures,
may also be required in order to pre-empt any state or local regu-
latory programs to the extent they are developed to deal with na-
tional supply emergencies.
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Among the important options available in dealing with oil im-
port disruptions are emergency energy demand reduction and fuel
switching measures. Although much of the "easy" conservation po-
tential which existed in the early 1970's has already been achieved
as a result of higher energy prices and mandated conservation pro-
grams, the report identifies a large number of measures which 1in
aggregate could provide potential oil demand reductions of up to
2.3 MMB/D in an emergency. Some of the measures could be imple-
mented voluntarily by energy consumers; others would require gov-
ernment actions either to facilitate or mandate implementation.
Price increases which would likely occur during a severe disruption
would also provide incentives for consumers to implement many of
these measures to some degree.

It must be recognized that these are "best estimates" of poten-
tial savings available from these measures, and depending upon
public cooperation and other uncertainties, there may be wide vari-
ations in the actual amount of such savings. Opinions were sought
and obtained from various end users, academicians, and industry
associations on the potential savings available from these steps.
In some cases, the estimated savings, such as those from electric
utility fuel switching, were significantly reduced based on advice
received. The potential for savings is also likely to decrease in
the future as consumers continue to respond to higher prices and to
modify their energy consumption patterns.

It is recognized that there will be numerous practical impedi-
ments to the implementation of these demand management measures.
The feasibility of implementing the four-day work week, for exam-
ple, has been questioned by some because of problems associated
with labor relations, contractual commitments, and disruption of
plant operations. None of these measures will be perceived as
being fair to everyone, and many consumers may feel that they will
be disadvantaged by mandated programs which affect them directly.
Some measures would be difficult to enforce, and compliance beyond
the level motivated by higher prices could be difficult to obtain.
Some steps will also impose unseen costs on the economy, such as
the adverse effects which lower speed limits would have on the re-
duced productivity of personnel and equipment. In order to achieve
the full potential of these measures, programs should be developed
in advance to inform the public of the potential savings available,
to encourage voluntary actions to reduce energy consumption, and to
facilitate necessary relaxation of regulatory impediments in an
emergency.

The report also offers recommendations on how the government
might organize its emergency preparedness effort and how the expe-
rience and expertise of industry and other private sector groups
can be used to enhance the total effort. The Council does not
believe that it is practical or feasible for the government to
maintain a fully manned or heavily manned organization on a standby
basis for possible use in managing a severe o0il supply emergency.
Instead, the study recommends a small core group of highly com-
petent people responsible for emergency preparedness and reporting
at a high level in the DOE.
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The emergency planning group's responsibilities would include
the following:

Pre-emergency planning. This would include laying out plans
and developing procedures and courses of action prior to an
emergency to facilitate the flexible approach recommended by
this study. Proper advance preparation can prevent needless
panic and anxiety when or if a serious emergency occurs and
allows the plans to be properly thought through. There is,
though, no intent that pre-emergency plannlng should lead to
"cook book" formulas for handling emergencies. It is also
envisioned that this planning function would have access to
the advice of private sector groups through the mechanism
described later in this section.

Assisting the Secretary of Energy and the President in as-
sessing threatened or actual o0il import disruptions. The
organization would utilize data collected by governmental
agencies and draw on information that exists in the govern-
ment, the energy industry, and elsewhere in the private sec-
tor. This governmental entity would be the focal point for
the assessment of when governmental action is needed in an
energy emergency and when it is not needed.

After assessment and a decision on the need to act, this
group would be responsible for developing and evaluating the
appropriate response options for dealing with the emergency.
This responsibility would include assisting the Secretary of
Energy and the President in selecting options for implemen-
tation and also for their termination.

The group would also be responsible for providing the basic
organizational framework for coordinating emergency measures
while they are operational. A key role would be in laying
the foundation for and assisting in the rapid buildup of
personnel from the small core staff in the event of a seri-
ous disruption.

Finally, the emergency planning group's responsibilities
would include educating the public prior to an emergency and
developing plans to provide effective communications during
an emergency. The importance of this role should not be
underestimated. Unless the public receives credible, time-
ly, and accurate information during an emergency, mistrust
and cynicism can quickly develop, thereby undermining even
the best of programs. Public acceptance of the response
options selected will depend in no small way on accurate,
effective communications.

As a vehicle for providing private sector input to the govern-
ment energy emergency group, the study recommends that an advisory
group be set up under the Federal Advisory Committee Act to serve
at the request and under the guidance of the Secretary of Energy.
The committee would be staffed with, or have access to, people who
could provide the energy industry experience and expertise needed
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by the government to deal effectively with an emergency. In addi-
tion, the membership of the committee would also include a wide
spectrum of other constituency views as required by the Federal
Advisory Committee Act to provide a proper balance.

The advisory committee would be a source of comprehensive
understanding on the workings of the energy industry, both domes-
tically and internationally, and would assist the government 1in
planning for emergencies by doing studies and performing analyses
as needed. The committee could provide counsel and analysis 1in
assessing the energy scene, particularly during the difficult
period when a potential supply disruption is developing. In the
event of an emergency, the committee could perform necessary eval-
uations and technical guidance on policy responses. The advisory
committee would be a logical vehicle for providing the information
and counsel needed by the U.S. government in fulfilling its commit-
ments to the IEA. Further, the advisory committee can provide the
vehicle for working out more fully and in greater detail the
industry/government relationships for dealing with a major supply
disruption.

The advisory committee 1is envisioned as having a flexible
design, expanding in size and scope as needed to fit the situation.
Technical subcommittees could bhe formed as needed to do special
studies or serve other functions. The technical subcommittees
would be formed with the concurrence of the Secretary of Energy,
and all output would flow through the advisory committee.
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Chapter One

EMERGENCY PREPAREDNESS PLANS FOR OIL IMPORT DISRUPTIONS

INTRODUCTION

Petroleum Outlook

Increasing supplies of o0il from the Middle East and North
Africa can no longer be counted on to fuel the world's rising ener-

gy demands. Various forecasters have projected that oil exports
from these areas may not increase significantly over the next
decade. With the long lead times required to develop alternative

supplies of o0il or other energy forms, o0il importing nations will
remain vulnerable to disruptions in supplies for at least the next
decade. O0il demand in the United States is currently 17 MMB/D and
has been forecast to remain at about that level through 1985. Fuel
substitution and conservation, stimulated by higher oil prices, are
expected to result in trends toward lower requirements for heavy
fuel o0il, heating o0il, and motor gasoline. On the other hand,
demand for diesel and turbo fuels and petrochemical feedstocks is
forecast to increase. Domestic production of crude oil and natural
gas liquids is projected by various forecasters to remain near 10
MMB/D through the mid-1980's. However, such projections are sensi-
tive to exploratory drilling success and to efforts to offset
normal declines in production from existing reserves. More pes-
simistic estimates have been offered which indicate declines 1in
indigenous production. In either event, U.S. o0il import dependence
is 1likely to remain at about 7 MMB/D or more through 1985 and
beyond.

Effects of 0il Supply Disruptions

Petroleum supply shortfalls resulting from an oil import dis-
ruption may be mitigated to a 1limited extent by implementing
emergency supply measures such as temporarily increased domestic
crude oil production, substitution of other available fuels, and
drawdown of inventories of privately or publicly held oil stocks.
In a major import disruption, however, it 1is anticipated that a
substantial supply shortfall will remain, even after implementing
all feasible supply options.

In this situation, there are a number of options which may be
considered for reducing demand for petroleum products and/or allo-
cating among consumers the reduced level of supplies which are
available. These range on the one hand from competitive market
mechanisms, to complex systems of government controls on the other.
However, any substantial shortfall of petroleum will have painful
economic effects, regardless of the options employed to manage that
shortfall. These effects include the following:

@ World oil prices will rise, resulting in higher prices for
petroleum products and a higher rate of inflation in the
United States.
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® Increased expenditures for petroleum will probably reduce
total demand and output of other sectors of the economy.

@ The Gross National Product is 1likely to be reduced and
unemployment likely to be increased.

e Higher petroleum prices will lead to higher prices for other
products, higher wages, and increased federal outlays for
indexed transfer payments.

@ Inconveniences and hardships for various sectors of the
economy will likely occur.

It should be noted that the "fairness" of any emergency man-
agement strategy depends upon individual perceptions, and no par-
ticular option is 1likely to be perceived as being "fair" to all
consumers, suppliers, regions, or sectors of the economy. Some
redistribution of income would occur under any demand management
option. Income would be transferred from petroleum consumers to
foreign petroleum producers. Within the United States, there would
also be a transfer of income among sectors of the economy or
classes of consumers. In the absence of domestic crude oil price
controls, there would be a transfer of income to domestic pro-
ducers. However, under existing tax laws it is estimated that
about 80 to 90 percent of the revenue from higher domestic crude
0il prices would accrue to federal and state governments in higher
royalties and severance, income, and excise or "windfall profit"
taxes. (See Appendix E for further explanation of the distribution
of additional revenue from crude oil price increases.)

Sudden major interruptions of imported petroleum supplies may
also, due to the unevenness of their impacts, create exceptional
hardships for individual consumers and suppliers. A complex con-
tract structure 1links refiners to the particular marketers and
consumers that they serve. During severe supply disruptions, indi-
vidual refiners will likely be disproportionately affected in their
access to crude oil supplies, and this disproportionate effect will
be transmitted to particular marketers, consumers, and regions of
the country.

This study attempts to deal with the problem of minimizing the
potential hardships and disruptive economic effects that may result
from an oil import interruption.

DOE Scenarios

Five o0il import disruption scenarios, summarized in Table 1,
were provided by the Department of Energy as a basis for analysis
in the study. The scenarios range in magnitude from a 1.0 MMB/D to
a 4.6 MMB/D o0il imports curtailment to the United States and in
duration from six to 12 months. Two of the scenarios (1 and 1lA)
postulate interruption of supplies only to the United States, and
three scenarios (2, 3, and 4) assume interruptions involving both
the United States and other importing nations.
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TABLE 1

0il Import Disruption Scenarios*

IEA Sharing Imports Reduction (MMB/D)
Case Description Duration Activated Free World U.S.
1 OAPECt Plus Iran 6 Months No 1.0 1.0
Export Interruption
of 5 % Against U.S.
Only
1A OAPEC Plus Iran 6 Months No 2.0 2.0
Export Interruption
of 10% Against U.S.
Only
2 OAPEC Plus Iran 6 Months Yes 4.9 2.2
Export Interruption
of 25%
3 OAPEC Plus Iran 12 Months Yes 7.8 3.2
Export Interruption
of 40%
4 Persian Gulf 3 Months @ 100% Yes 16.4 @ 100% 4.6 @ 100%
Interruption of 3 Months @ 75% 12.3 @ 75% 3.5 @ 75%
50-100% 6 Months @ 50% 8.2 @ 50% 2.5 @ 50%

*Caveats to Scenarios: In a potential interruption of imported oil supplies, govern-
ment and private decision-makers are faced with a variety of uncertainties. These include
the volume of the disruption, its likely duration, its potential economic effects at home
and abroad, its military and foreign policy implications, and a host of others. The seri-
ousness of a potential disruption cannot be defined with reference to only one or two of
these criteria. A small disruption with major foreign policy effects or significant im-
pact on the world price of oil could be more serious from the point of view of the United
States than a disruption which is larger by volume of import reduction but whose duration
is likely to be short and whose secondary effects are minimal.

Only in the context of a specific disruption and with as much information available
as possible can decision-makers reasonably relate policy options to specific conditions.
Thus, it is not possible to precisely define which policy option is appropriate in each
possible real life situation. However, a seriatim of policy options can be provided for
consideration by decision-makers at the time of the disruption based on an evaluation of
their relative appropriateness.

While the DOE scenarios have been helpful in providing some rough parameters for
analysis, they are not meant to provide a "cookbook" approach to management of disruption
responses. Specifically, because the scenarios include information on only two important
types of information (volume and duration), they do not fully define the real world sce-
narios decision-makers are likely to face. Moreover, even this information may not be
known with precision until after the disruption is at an end.

tOrganization of Arab Petroleum Exporting Countries.

In Scenarios 2, 3, and 4, the International Energy Agency crude
0il sharing mechanism is assumed to be activated. The IEA was
formed in 1974 in order to provide an international forum among oil
importing nations of the free world. It provides for a mechanism
to assess the level and potential impacts of an emergency supply
disruption and a system by which participants share in the impacts
of such disruptions. The system is based in part on the efforts
and cooperation of many international oil companies in helping to
facilitate the sharing mechanism. The IEA sharing system has never
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been activated and tested under actual emergency conditions, but
the scenarios assume that all IEA participants honor the agreement
and that the sharing system results in the U.S. imports reductions
indicated. Additional discussion of the IEA system is contained in
Chapter Eight and Appendix M.

At the outset of an actual supply disruption, there would be a
great deal of uncertainty as to the magnitude and duration of the
emergency. The point is frequently made that scenarios may be
flawed or have serious limitations when used in studies of this
nature. Scenarios are seldom complete in detail and require impor-
tant assumptions. For example, an assumption might be made that
U.S. crude oil and product inventories are "normal" at the outset
of an interruption. Obviously, higher or lower initial inventories
would alter the effects of the interruption on the nation. Some
further caveats to the use of scenarios are discussed in a footnote
to Table 1.

Despite these limitations, the DOE scenarios were used through-
out the development of the study and proved to be a valuable tool.
First, the scenarios provided a common point of reference for dis-
cussion by focusing an infinite variety of possible import dis-
ruptions into five different situations covering a wide range of
possibilities. Second, the scenarios made it possible to quantify
the effects of various emergency supply/demand response options and
to test them for reasonableness. Third, the quantification also
made it possible to examine the ability of the nation's supply and
distribution systems to operate under constrained conditions.
While scenarios do have serious limitations that will be quickly
recognized, they have been an important and useful device in
arriving at the recommendations of this study.

This study analyzes steps available to increase supplies and to
deal with changes in demand in the event of a disruption in oil im-
ports. Additionally, the study looked at various approaches to re-
duce the demand for products and for allocating available supplies
of both crude o0il and products. From this analysis, the study
makes a number of recommendations. These recommendations include
steps which need to be taken now to prepare for an emergency, as
well as strategies for dealing with an emergency once it occurs.

The underlying analyses for these recommendations, as well as
specific actions which need to be taken now, are described in sub-
sequent chapters. However, a summary is provided here as a basis
for understanding the recommendations made at the end of this chap-
ter. A more complete understanding can be gained from the remain-
ing chapters and appendices of this report.

EMERGENCY SUPPLY FLEXIBILITY
The analysis of supply flexibility covered four major areas:

e Emergency oil and gas production

® Emergency refining and logistics operations
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® Emergency fuel switching from oil to more plentiful fuels --
gas, coal, and nuclear

® Security stocks, including the Strategic Petroleum Reserve,
as well as private inventory reserves.,

Emergency 0il and Gas Production

Crude 0il ,

Domestic crude o0il fields are currently producing at maximum
efficient rates as defined by state and federal regulatory agen-
cies. A limited number of fields have the capability to produce at
somewhat higher rates for short periods in an emergency situation
without substantially impairing estimated ultimate recovery of the
reserves (as discussed in Chapter Four). Emergency surge produc-
tion will require approval by the appropriate regulatory bodies to
exceed maximum allowable rates. Some relaxation of conservation
and environmental rules with regard to gas flaring and emissions
limitations will also be necessary.

The current maximum additional domestic crude o0il capability
deliverable to refineries on a temporary emergency basis is about
320 thousand barrels per day (MB/D). Most of this capability comes
from the Prudhoe Bay Unit in Alaska and the East Texas field. An
additional 80 MB/D (180 MB/D in 1982-1985) might be made available
by means of additional pumping capacity on the Trans-Alaska Pipe-
line System (TAPS). These figures include emergency production ca-
pability from the Naval Petroleum Reserves (NPR), which by govern-
ment estimates is limited to about 16 MB/D from the Elk Hills field
(NPR-1). Four to six months would be required in order to reach
maximum surge capacity. The length of time these rates could be
sustained is uncertain, but some decline could be expected over a
period lasting more than 12 months.

As the reserves 1in these fields are depleted through normal
production and TAPS capacity is filled by new production, the capa-
bility for surge production without additional TAPS pumping capac-
ity will decrease. By 1985, surge capability will be limited to
about 140 MB/D, mostly from the East Texas field, unless additional
pumping capacity 1is installed on TAPS. Of course, new discoveries
may add to surge capacity in the future.

Natural Gas

Natural gas can be used as an emergency substitute for fuel oil
in industrial and utility boilers and furnaces which are equipped
for dual-firing and which have access to natural gas distribution
facilities. 1In Chapter Two of this study, opportunities were iden-
tified for making an additional 350 to 500 MB/D of oil available by
switching to natural gas. To supply this demand, potential sources
of additional gas were examined. Additionally, Chapter Two identi-
fies measures which would free gas for use in fuel switching. The
amount of emergency gas supplies varies by season. Chapter Five
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identifies approximately 600 thousand barrels per day crude oil
equivalent (MB/D COE)l which could be made available from summer
swing capacity in the summer, when less gas is required under nor-
mal conditions. In the winter, 300 to 350 MB/D COE of gas can be
drawn from immediately usable underground storage in addition to
normal withdrawal. In short, the additional production from swing
capacity appears adequate to satisfy additional gas demand result-
ing from fuel switching in the summer. In winter, gas available
from storage can provide a major portion of this potential demand.
However, some winter gas demand reduction will be necessary if the
maximum oil-to-gas substitution capability is to be realized.

The 1979 NPC study entitled Petroleum Storage and Transporta-
tion Capacities indicated that the existing gas transmission sys-
tem, which in 1977 operated on an overall daily average basis at
68 percent of capacity, should have the capability to absorb addi-
tional volumes. However, absent knowledge of specific o0il custo-
mers with flexibility to convert to gas and specific geographic
areas of increased production, it 1is impossible to state with
certainty that transportation bottlenecks will not occur. This is
especially true during intermittent periods of peak delivery in the
winter, when portions of the nation's existing transmission and
distribution system may be filled to capacity. In addition, in
Petroleum Administration for Defense (PAD) V (West Coast), limited
winter storage capacity may necessitate transportation of addition-
al gas from the Gulf Coast to California. This is an area which may
deserve additional study as a part of ongoing studies for future
emergencies.

Some additional gas availability might be obtained by regula-
tory action to accelerate the determination of initial allowables
and permitting on new wells and suspending the requirement to make
up previous overproduction on existing wells.

In summary, emergency oil production can replace 300 to 400
MB/D of imported oil in case of a disruption. However, it is like-
ly to take four to six months to achieve this additional produc-
tion. Thus, this option may not be appropriate for disruptions of
short duration. Additional gas can also be made available in an
emergency. Its use to free o0il by fuel switching is discussed
later in this chapter and in Chapters Two and Five.

Emergency Refining and Logistics Operations

Under emergency conditions involving substantial denial of
imported o0il, U.S. refiners may have to make major adjustments in
product yields, the overall level of equipment utilization, the mix
of crude oils processed at individual refineries, and the specifi-
cations for some products. It appears that U.S. refineries have
adequate processing flexibility to meet potential emergency product

lvcrude oil equivalent" is a measurement that can be applied
to all forms of energy based on their heat content relative to that
of oil.
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slates for all the study scenarios (see Chapter Six). To the
extent that demand reductions are taken proportionally for all
products, the required adjustments in refinery yields are obviously
minimized. On the other hand, most U.S. refineries have substan-
tial capability to adjust yields, and this capability can be uti-
lized to selectively take the shortfall in products which are
determined to have the least adverse impact on the nation's econ-
omy. Refinery flexibility to reduce gasoline ;ields was analyzed
by the NPC Committee on Refinery Flexibility. This study con-
cluded that "in the event of an import supply interruption in the
range of 2 to 5 million barrels per day, there is sufficient flex-
ibility in the U.S. refining system to reflect 75-80 percent of the
volume loss in reduced motor gasoline output as opposed to other
products such as heating oil."

A major crude oil curtailment may reduce average utilization of
some refinery processes, such as crude oil distillation, to near or
below minimum operable levels. Under these conditions, extended
shutdown of unutilized capacity may be more practical, economical,
and energy efficient than attempting to operate all units at re-
duced throughputs. Government policy should not impede processing
agreements, exchanges, and similar arrangements essential to en-
hancing refining efficiency and flexibility in an emergency.

It is doubtful that sulfur specifications could be met for all
products under emergency conditions for operational reasons. For
example, as reformer feed is reduced to selectively lower gasoline
yields, hydrogen supply in many refineries may be inadequate to
meet the needs for desulfurization. The availability of a standby
government-approved plan for relaxation of fuel sulfur specifica-
tions and exhaust gas sulfur limits would enhance flexibility for
emergency operations and has the potential for reducing oil demand
by about 50 MB/D.

Producibility of diesel fuel, turbo fuel, and heating oil could
also be enhanced by emergency relaxation of product quality speci-
fications. The need for standby emergency specifications has been
reviewed with the American Society for Testing and Materials
(ASTM) . ASTM 1is the proper organization to establish emergency
specifications among producers and users and has authorized steps
to develop such emergency specifications and procedures for rapid
response balloting.

A major oil import disruption would create significant disloca-
tions in U.S. petroleum logistics systems and require adjustments
to maintain efficient operations. There appears to be enough flex-
ibility in the logistics systems for finished and unfinished prod-
ucts and for natural gas liquids to accommodate the redistribution
of supplies during a disruption (see Chapter Seven). Crude oil
systems also appear adequate with the exception of the need during
the crisis for additional west-to-east movement of PAD V crude oils

2Refinery Flexibility, National Petroleum Council, December
1980.
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required to rebalance crude runs in PADs I-IV. To the extent that
U.S. flag tankers are not sufficient for this movement, the con-
straint could be alleviated on an emergency basis by government
waivers to allow the use of foreign flag tankers in this service
and/or to allow the use of subsidized U.S. vessels (subject to
semiannual review), and by exchange of PAD V crude o0il with con-

tiguous or noncontiguous foreign nations. Either type of exchange
would require considerable time to obtain the necessary clearances,
and the latter type would also require legislative action. This

highlights the national interest benefits of long-term debottle-
necking of west-to-east crude oil logistics systems.

In summary, with some regulatory accommodation, particularly on
west-to-east crude oil movements and on quality specifications,
there appears to be adequate refining and logistical flexibility to
meet changed demand patterns resulting from an oil import interrup-
tion. In fact, future o0il emergencies will be characterized by a
shortage of raw material (crude o0il) creating excess capacity 1in
processing and transportation facilities. Hence, an objective of
emergency strategies should be to permit use by industry of these
existing facilities in the most efficient manner.

Emergency Fuel Switching

Opportunities to make additional o0il available by switching
existing o0il uses to other fuels are discussed in detail in Chapter
Two. The principal opportunities and the potential o0il savings
are:

e Conversion from o0il to gas in the electric utility sector
(240 MB/D) and in the industrial sector (260 MB/D)

® Wheeling of electricity from coal-fired and nuclear plants
into areas served by oil-fired plants (30 MB/D)

® Increased electricity generation from nuclear reactors by
maximizing the use of existing units and by accelerated
licensing of units in areas served by oil-fired plants (30
MB/D)

® Increased electricity imports from Canada (30 MB/D)

® Conversion of oil-fired industrial boilers to <coal (50
MB/D).

These measures appear attractive in that they could generally
be implemented quickly and would provide substantial reductions in
0il demand without reducing total energy supply if the alternate
fuels are in adequate supply.

Realization of the maximum fuel switching will require 500 MB/D
COE [2.8 billion cubic feet per day (BCF/D)] of additional natural
gas supplies. As mentioned earlier, approximately 600 MB/D COE of
additional supplies could be available in summer, but emergency
supplies in winter are likely to be limited to 300 to 350 MB/D COE.
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Hence, maximum fuel switching in winter would have to be accompa-
nied by some gas demand reduction measures to free additional nat-
ural gas supplies. Deliverability of emergency gas supplies may be
a problem in localized areas due to transmission or distribution
system bottlenecks.

To obtain the maximum potential benefits from some of these
measures changes to certain laws or regulations would be required,
such as temporary relaxation of requirements under the Clean Air
Act or Power Plant and Industrial Fuel Use Act. In addition, the
cooperation of the various federal, state, and local government
agencies which regulate utilities would be required.

Security Stocks

Security stocks consist of inventory reserves, such as the
publicly owned Strategic Petroleum Reserve, and those held by
private suppliers and consumers above levels needed for normal

operations. Security stocks provide flexible emergency supply
options primarily because they can be withdrawn at high flow rates
to meet immediate needs (see Chapter Three). Other types of

emergency supply options, such as standby production capability,
are limited in their withdrawal rate and, for short periods of
production, require a much higher investment commitment to achieve
the same supply capability.

Strategic Petroleum Reserve

The potential benefits of strategic stockpiles 1in emergency
preparedness planning were recognized in two previous NPC reports:
Emergency Preparedness for Interruptions of Petroleum Imports into
the United States, September 1974, and Petroleum Storage for Na-
tional Security, August 1975. Many of the recommendations made in
these previous studies have been implemented and form the basis for
the existing federal Strategic Petroleum Reserve. Presently, SPR
capacity is about 250 million barrels with inventories of approxi-
mately 120 million barrels. Fill rates of 100 to 300 MB/D are cur-
rently under way. Current government plans for development of the
SPR up to a capacity of 750 to 1,000 million barrels by 1990 are
considered realistic in view of the present physical constraints
and the time required to build the necessary additional storage
capacity and acquire oil supplies to fill this capacity. The imme-
diate focus should be on filling the current and projected reserve
capacity as quickly and efficiently as possible. The government
should take all reasonable steps to maintain or accelerate the SPR
development and fill rate without causing a disruption in oil
markets. Government o0il acquisition procedures should be stream-
lined and sufficiently flexible to utilize a mix of government-
owned reserves, term supply contracts, and spot purchases as market
conditions permit.

Distribution of SPR stocks in a very severe emergency may be
accompanied or preceded by a national crude oil sharing program.
Under this circumstance, SPR stocks should be distributed in the
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same manner as any other crude o0il sales to ensure fair and
equitable access by refiners. In the event a drawdown of SPR
stocks is deemed appropriate and necessary at times when a crude
oil sharing program is not in effect, the distribution should be
conducted through an auction bid system. These approaches will
return to the federal government full value for its investment and
ensure efficient utilization of 1limited stocks while minimizing
administrative complexity and potential abuses and subsidies.

While decision rules for SPR use should not be automatic or
pre-determined, SPR stocks above about 200 million barrels should
be readily available for use in cushioning the impacts of supply
disruptions of varying sizes. However, strategic stocks below
levels of about 200 million barrels should be held for use in very
severe disruptions to meet national security, health, or safety
needs. In addition, current SPR fill itself represents a source of
supply flexibility in a shortfall. Crude oil supplies already con-
tracted for filling the SPR could be diverted to the market, pro-
viding additional oil supplies promptly during a disruption.

Private Inventories

Privately held petroleum stocks can provide a limited but use-
ful buffer against the sudden disruption of o0il imports. The
existing petroleum distribution system, however, was designed for
the efficient movement of large volumes of crude oil and unfinished
and finished products. It was not designed to hold a static stock-
pile of strategic supplies for major interruptions in the flow of
0il imports. In this huge and complex transportation and storage
network, a large amount of tankage 1is necessary to maintain
flexibility for smooth day-to-day operation of the supply system.
Attempts to set aside a portion of the existing system for
strategic storage without substantial construction of additional
facilities would disrupt the efficient operation of the petroleum
distribution system.

However, in view of the likelihood of future disruptions in oil
imports and the 1limited near-term availability of stocks in the
Strategic Petroleum Reserve, increased holding of inventories by
suppliers and consumers is desirable. Oil price and allocation
controls act as disincentives to the building of private stocks by
discouraging profit-motivated inventory acquisitions. The recent
removal of price and allocation controls was an essential first
step toward removal of these disincentives, but it is equally as
important that any legislation which provides authority for standby
emergency measures explicitly exclude initial privately held stocks
from any distribution program which might be implemented. Even
with the removal of price and allocation controls, the existence of
what economists call "external benefits" from strategic storage
suggests that private inventory accumulation may nevertheless re-
main below levels desirable from an overall emergency preparedness
standpoint in the absence of tangible government incentives. Pe-
troleum security stocks serve to protect the broadest national
interest against a threat to its economic well being and military
security. Since these benefits accrue to the nation as a whole,
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they may justify a system of government incentives to encourage a
level of privately held stocks higher than would otherwise prevail.
The costs and benefits of providing such incentives for private
stocks is a complex subject which deserves further study by the
government as a potential supplement to publicly owned SPR stocks.

This study assumes that private stocks, by definition, are
utilized on a voluntary basis in response to supply and demand
conditions.

EMERGENCY DEMAND REDUCTION AND SUPPLY DISTRIBUTION

In severe import disruptions, substantial supply shortfalls
will remain, even after utilizing all feasible emergency supply
options. There are a number of options that may be considered
either individually or in combination for reducing petroleum prod-
ucts demand and/or allocating among consumers the reduced level of
available supplies. Despite the natural inclination to adopt mea-
sures to "correct" the problems caused by an interruption, expe-
rience over the past decade indicates that many such measures
intended to alleviate problems can, in fact, have the opposite
effect. Much information and analysis indicate that controls, no
matter how clearly or cleverly designed, cannot adequately antici-
pate changing demand requirements during supply disruptions and do
not permit crude o0il and products to flow as efficiently as the
competitive market system. Allowing the market to balance supply
and demand, even during a supply disruption, provides the maximum
incentives for conservation and production. It allows available
products to go to those uses with the higher economic value, there-
by minimizing the loss to the economy as a whole. Thus, this study
is based on the belief that the competitive market system is capa-
ble and best able to respond to disruptions and should be permitted
to operate to the maximum extent practicable. This conclusion 1is
generally consonant with much recent research on emergency prepar-
edness issues, as listed in Appendix C.

This primary reliance on the competitive market is reached with
the clear recognition that, despite emergency supply measures, in a
large disruption, market clearing prices could be perceived as very
high. The study concludes that hardship and equity considerations
are best dealt with by using increased government revenues result-
ing from the higher prices to mitigate these concerns, rather than
attempting to control directly the allocation and prices of petro-
leum products. This approach will necessitate advance considera-
tion by government of standby programs to accomplish this recycling
of revenues. Otherwise, public pressure for relief is likely to
result in extensive controls on both the 0il industry and consumers
which will probably worsen the problems caused by a disruption.

The NPC recognizes, however, that some levels of interruption
considered herein are well beyond anything in the nation's experi-
ence. This led to a general conclusion that while strategies to
deal with o0il import disruptions should rely to the maximum practi-
cable extent on market mechanisms, there should also be available a
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variety of standby options of increasing severity to deal with
shortages of increasing magnitude. Therefore, in addition to the
emergency supply measures, this study considered a number of demand
reduction and supply distribution options:

e Voluntary or mandated demand reduction steps

@ Petroleum industry regulation

® Consumer tax and allocation measures.

Voluntary or Mandated Demand Reduction Steps

A large number of demand reduction measures could be employed
on either a voluntary or mandatory basis to reduce o0il demands,
with varying degrees of difficulty in implementation. The poten-
tial oil demand reduction from measures considered to have minimum
difficulty in implementation is estimated to be about 900 MB/D,
with an estimated additional 300 MB/D with moderate difficulty, and
another 300 MB/D from measures with major difficulty. These mea-
sures are discussed in detail in Chapter Two. It must be recog-
nized that these are best estimates of potential savings, and
depending upon public cooperation and other uncertainties, there
may be wide variations in timing and in the amount of such savings.
Examples of steps judged to have minimum difficulty in implementa-
tion and their potential oil savings include:

® Increased carpooling (380 MB/D)
® Reduced speed limits (90 MB/D)

@ Driver education, vehicle inspection, and maintenance
(155 MB/D)

® School bus utilization (60 MB/D)
® Reduced personal travel (50 MB/D)
® Thermostat management (50 MB/D).

Measures judged to have moderate difficulty in implementation
include:

® Odd-even auto and light truck fuel sales (145 MB/D)
® Vehicle use stickers (50 MB/D)
® Increased airline seat load factors (85 MB/D).

Further steps judged to have major difficulty in implementation
include such items as:

e Banning weekend fuel sales (240 MB/D)
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e Instituting the four-day work week (35 MB/D)
® Banning the recreational use of fuels (30 MB/D).

Programs should be developed in advance for use during an emer-
gency to inform the public of the potential savings available and
to encourage voluntary actions to reduce energy consumption. The
price increases which may occur during an imports disruption would
provide an incentive for consumers to implement many of these mea-
sures to some degree.

Consideration should be given to which, if any, of these demand
reduction measures should be mandated and under what conditions.
It is recognized that there will be numerous practical impediments
to the implementation of some measures. The feasibility of imple-
menting the four-day workweek, for example, has been questioned by
some because of problems associated with labor relations, contrac-
tual commitments, and disruption of plant operations. Mandated
demand reduction measures may also impose unseen costs, as users
of petroleum shift to more costly modes of operation. For example,
reduced speed limits might save fuel but would increase costs re-
lated to reduced productivity of personnel and equipment. Addi-
tionally, many of these measures would be difficult to enforce, and
compliance beyond the degree motivated by higher prices may be dif-
ficult to obtain. If voluntary and mandated measures are deemed to
be potentially desirable, standby measures for implementation in an
emergency should be developed in advance of the actual crisis.

Petroleum Industry Regulation

In addition to the demand reduction measures directed toward
end users, there is the obvious question of what regulations should
be imposed on petroleum industry operations. Possibilities include
price and distribution controls on crude o0il, as well as margin and
distribution controls on products. These regulatory structures can
be grouped into two basic approaches. One approach is to impose
comprehensive price/margin and distribution controls throughout the

industry from wellhead to service stations. Use of this approach
is also likely to lead to restrictions on individual consumers as
well. A second approach is to allow the competitive market to
operate to the maximum degree practicable. Limited controls would
be imposed flexibly, only to the extent necessary to effectively
manage the crisis. A crucial difference between these two ap-

proaches lies in whether an attempt is made to limit domestic crude
oil prices.

Limitations on Domestic Crude 0il Prices

Rising crude o0il prices will present the government with a
choice of maintaining a policy of market pricing of domestic crude
0il or imposing domestic crude oil price limits. To the extent
crude o0il prices rise during an o0il supply disruption, it is esti-
mated that the crude oil excise tax, or "windfall profit" tax, and
other existing taxes and royalties would direct approximately 80 to
90 percent of the overall domestic crude o0il price increase to gov-
ernment (see Appendix E).
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Continued adherence to a policy of market pricing of domestic
crude o0il during even severe supply disruptions would offer a num-
ber of advantages. Market pricing of domestic crude o0il would give
proper signals to both consumers and producers -- encouraging in-
creased production, demand restraint, and fuel switching. Market
pricing of domestic crude o0il would allow the composite of domestic
and imported crude o0il prices in the United States to rise to clear
the market as efficiently as possible. This would preserve the op-
portunity for a return to normal market conditions, with little or
no government intervention, within a short time after the crude oil
imports disruption. Even with clear sunset provisions, domestic
crude oil price controls (and resulting crude cost equalization and
entitlements systems) may be extremely difficult to eliminate or
phase out after the emergency. Experience over the past several
years reinforces this concern.

If the United States were to impose domestic crude oil price
limits during a shortage, this action could be expected to increase
the demand for limited crude oil supplies. Price controls would
allow opportunity for the roll-in of higher imported crude oil
prices which, in turn, could be expected to put upward pressure on
international crude oil prices. Because the United States imports
about 25 percent of the crude o0il traded on the international
market, by far the greatest proportion imported by any single
nation other than Japan, crude o0il demand in the United States can
have a significant impact on international markets.

Once higher prices are achieved, crude o0il exporting nations
have demonstrated in the past an ability to maintain crude oil
prices at the higher level. These higher prices could have an
adverse effect on the U.S. economy and possibly an even greater
impact on the economies of other 0il importing nations with greater
dependence on 0il imports as an energy source. Limiting domestic
crude oil prices would tend to go against agreements with other oil
importing country governments to refrain from actions which sub-
sidize crude o0il imports. In addition to the direct economic
effects, any system of limiting domestic crude o0il pricing would
require a complex regulatory system to distribute the benefits of
controlled crude o0il prices among the domestic refiners with
resulting pressures for exceptions and subsidies.

In sum, limitations on domestic crude oil prices, even in
severe shortfalls, have negative consequences which appear to out-
weigh any political or equity justification for their imposition.
Equity considerations can be dealt with more directly and effi-
ciently by government programs funded by increased tax revenues
from domestic crude oil price increases. Additionally, it is like-
ly that limitations on domestic crude o0il prices would also neces-
sitate extensive additional control systems, such as rationing and
entitlements, in an attempt to offset some of the consequences of
below-market crude oil prices. Based on these factors as well as
on extensive unsatisfactory past experiences, this study concludes
that any emergency controls or regulations on the petroleum indus-
try should be the minimum necessary to effectively manage the
crisis.

30



Emergency Standby Crude 0Oil Distribution

Crude o0il access may be expected to be a serious refiner con-
cern during a major crude o0il imports disruption. Individual
refiners' crude o0il access will likely be affected disproportion-
ately due to loss of the imported crude o0il source or due to par-
ticipation in the IEA crude o0il sharing agreement. Most refiners
have product supply contracts with the jobbers, dealers, and com-
mercial consumers they serve. Through this contract structure, the
disproportionate impact of a disruption on individual refiners
could be transmitted downstream to the respective customers and
regions of the country they serve. While these impacts could be
mitigated and buffered by fuel switching, demand restraint, and
drawdown of private stocks, there is concern that these steps may
not be sufficient during the 1larger interruptions of petroleum
imports considered. The Uniform Commercial Code requires a seller
to fulfill contractual commitments to existing customers before
seeking new business or taking on new customers that may have been
served by other sellers. 1In a severe supply disruption, even those
refiners whose crude oil access has not been significantly affected
may have only sufficient supplies to meet contractual commitments
to their existing customers.

In the event of a severe oil import disruption, the dispropor-
tionate impacts could be mitigated through the use of a standby
crude o0il distribution program designed to distribute available
crude o0il among all domestic refiners on a common national crude
0il run ratio. The pricing basis for crude oil transactions among
refiners required to achieve the common crude o0il run ratio should
be designed so as not to provide unwarranted benefits either to
buyers or sellers. Such a program should provide for a reasonably
uniform geographic distribution of the available crude o0il and
allow each domestic refiner an opportunity to continue serving its
customers. This recommendation is made even with the knowledge,
based on prior experience, of the distortions created and the dif-
ficulties of administering such programs in an efficient manner.

Any mandated crude o0il distribution program would act as a
disincentive to seeking diversified supply sources and to private
stockbuilding, would require a bureaucracy to maintain the data and
compliance systems necessary for successful operation, and would
have the potential for building constituencies against its deactiv-
ation. Thus, implementation of a standby crude o0il distribution
program should be taken only after a clear assessment that a major
disruption has occurred. The program should include a sunset clause
providing for discontinuation within a set period of time, probably
three to six months. The program should also exclude provisions
for distribution of initial stocks held by refiners to reduce dis-
incentives to private stockbuilding. Included in Appendix F is a
more complete discussion of the possible features, benefits, and
shortcomings of a standby crude oil distribution program, as well
as the analysis that supports the recommendations presented at the
end of this chapter.
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Emergency Standby Product Distribution

Most jobbers, dealers, and commercial consumers have a product
supply contract with their petroleum product suppliers. These con-
tracts generally include terms dealing with contract volumes, prod-
uct price, credit terms, and force majeure in the event of supply
disruptions. Existing contracts and supplier assurances would
adequately address product distribution concerns in most situa-
tions. The existing contract structure is backed by an extensive
body of law. The Petroleum Marketing Practices Act generally pro-
hibits arbitrary termination of contracts with branded motor fuel
jobbers/dealers and deals with some aspects of market withdrawal.
The Uniform Commercial Code requires fair and reasonable allocation
of available volumes where inadequate to meet contract obligations.
The antitrust laws prohibit attempted monopolization (Sherman Act),
price discrimination (Robinson Patman Act), and unfair methods of
competition (Federal Trade Commission Act). Many suppliers volun-
tarily allocated middle distillate among their customers pursuant
to their contracts with generally favorable experience during the
supply disruption in 1979 following the Iranian revolution.

With no further regulation even in an emergency, many, if not
most, suppliers would 1likely again assure their customers of

continued equitable distribution of available supplies. On the
other hand, some suppliers might take actions that would raise
public concern. Hence, during severe crude oil imports disrup-

tions, pressures may build for protection beyond that supplied by
supplier/purchaser contracts and the existing contract and anti-
trust law. These pressures are likely to be driven by concerns
over market withdrawals and nonrenewal of jobber/dealer or commer-
cial account contracts.

In an emergency, should government intervention in product
supplier/purchaser relationships be deemed necessary, intervention
should be limited to mandating the continuation of existing product
supplier/purchaser relationships and providing for priority user
designations. Under the priority user program, classifications
should be designated by the government and should be strictly lim-
ited to the protection of national security, health, and safety
interests. Under such a program, priority users should generally
be assured of only their base period volumes. The priority user
program should be complemented by a state set-aside program to pro-
vide limited volumes for distribution within each state's discre-
tion in meeting priority and emergency needs, such as increased
needs for mass-transit during the crisis. As in the case of stand-
by crude o0il distribution measures, these recommendations are made
even with the knowledge, based on prior experience, of the distor-
tions created and the difficulties of administering such a program
in an efficient manner. Action beyond this level is considered
unnecessary and would likely be more responsive to special interest
concerns than the overall public interests and could easily lead to
the building of constituencies against the discontinuation of the
market intervention. Federal standby emergency supply disruption
measures should be accompanied by specific provisions that the
terms of these programs pre-empt any state or local programs to the
extent they are in conflict with provisions of the federal program.
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Included in Appendix G is a more complete discussion of the
possible features, benefits, and shortcomings of a standby product
distribution program, as well as the analysis that supports the
recommendations at the end of this chapter.

Emergency Standby Product Margin Limitations

During a crude oil supply emergency, there may be considerable
public concern over potential windfalls in petroleum product manu-
facturing, distribution, and marketing. This concern would likely
be most evident immediately following an o0il import disruption,
before crude o0il prices have risen sufficiently to clear the mar-
ket. Public concern may also be voiced over the actions of indi-
vidual refiners or marketers during a supply disruption that the
public perceives to be generating windfalls.

These potential public concerns could be addressed through a
standby product margin limitation program. Such a program could be
developed to allow refiners and marketers to continue earning ade-
quate margins while allaying public concern over downstream wind-
falls. Included in Appendix G 1is a further discussion of the
possible features, benefits, and shortcomings of a standby margin
limitation program, as well as the analysis that supports the rec-
ommendations at the end of this chapter.

Even a limited framework of margin and distribution measures
such as that described herein carries with it costs in terms of
regulatory complexity, as well as suboptimum use of petroleum at a
time when it is in short supply. Hence, this study recommends that
limited crude o0il and product distribution and margin controls
normally be considered only in the case of a very severe crude oil
shortfall. The way in which these eimergency standby measures fit
into an overall emergency management system is discussed at the end
of this chapter.

Consumer Tax and Allocation Measures

In addition to regulatory measures dealing primarily with oper-
ations of the petroleum industry, there are a number of measures
which are aimed at reducing final consumer demand or allocating
available product to specific end users. These include consumption
or excise taxes, import fees or tariffs, and coupon rationing.

Emergency Consumption Taxes/Import Fees with Rebate Systems

This option would impose an emergency tax to increase the price
of petroleum products above the level which would otherwise exist
as a means of reducing demand to balance the reduced supply level.
This type of tax differs from an "excess profits" tax which would
not directly raise product prices above the market level or curtail
demand. The tax could be an excise tax on all petroleum products
or on one or more selected products, such as gasoline. Al terna-
tively, an import fee or tariff could be applied to petroleum
imports. Various other taxes or combinations of taxes could be
designed to give similar results. Government receipts from such a
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tax would be very large and could be rebated to the public to miti-
gate, to some extent, the income effects of higher product prices
on consumers. Tax revenues could be rebated through various sys-
tems of reductions in income or social security taxes or increases
in transfer payments. An excise tax on gasoline, with the revenue
rebated to owners of registered vehicles, is an alternative to cou-
pon gasoline rationing.

The emergency tax/rebate option has the advantage of being a
market-based mechanism to balance supply and demand, and might
potentially result in greater economic efficiency than allocation
and price controls. The complex regulatory and administrative
burdens of allocation and price controls or rationing would be
avoided. Once approved by Congress, a consumption tax, if imposed
only on gasoline, could be implemented rapidly as the collection
system is already in place (rebating systems, however, are not).
Many economists believe that early imposition of high taxes on
imports, if coordinated among most major importing nations, would
restrain the opportunity for foreign producers to raise crude oil
prices sharply during a disruption.

On the other hand, the appropriate level and timing for a tax
to balance supply and demand during the emergency would be diffi-
cult to determine. An excessive tax rate could exacerbate the
adverse economic effects of the shortfall. Frequent changes in the
level of tax may be needed to maintain a balance without the ad-
verse economic effects of depressing demand more than necessary.
Congress is unlikely to delegate taxing authority; thus, legisla-
tion would be required to implement or adjust the tax. Past
experiences suggest that imposition of a consumption tax in the
face of rapidly increasing prices would be very difficult politi-
cally. The basis for distribution of the revenue from the tax
would be a major point of contention. Once in place, a strong con-
stituency may be established for continuation of the tax beyond the
period of the imports disruption. A consumption tax imposed by the
United States alone might have only marginal effects on world oil
prices and could cause the United States to bear a disproportionate
share of the burden of the disruption. Revenue from the tax would
have to be rebated rapidly and efficiently to minimize the adverse
effects on the economy.

Coupon Rationing Plans

Most discussion of standby rationing plans has centered on
rationing of automobile motor fuel only. Under such a plan, cou-
pons would be issued periodically to owners of registered vehicles
in quantities determined to be appropriate for the extent of the
shortage. The price of rationed products would be held below the
market clearing price either through price controls or by limiting
the number of coupons, and trading of coupons in a "white market"
would be permitted.

Rationing would provide a direct and quantitative reduction in

consumption with a uniform method for distributing the right to
purchase product. Opinion polls indicate that coupon rationing
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appears to have fairly broad public support and, at least initial-
ly, might be generally perceived as equitable. Rationing could
result in fewer and shorter gasoline lines than allocation pro-
grams. Consumers of average quantities would be able to obtain
product at prices below the market clearing level, while those per-
sons willing and able to pay the market clearing price for the
privilege of using more than the average amount could obtain addi-
tional motor fuel by purchasing coupons on the "white market" from
those willing to use less. However, the implementation of a stand-
by rationing plan would be difficult and costly and would require
at least several months to be put into operation. A new national
"currency" would be established, with major requirements for han-
dling, distribution, and security. A high potential for fraud and

counterfeiting would probably be created. Product distribution
would not necessarily match the distribution of coupons within the
"white market." Thus, long lines may occur even with rationing,

particularly during the early stages, perhaps leading to a collapse
of public confidence and cooperation with government emergency
management measures. Rationing tends to focus demand reduction on
gasoline, possibly causing other, 1less <costly, conservation
measures in other products to be foregone.

As with standby oil distribution and margin limitation mea-
sures, both the tax/import fee and rationing options should be
considered only in the case of a severe supply shortfall. Use of
these options is not specifically recommended, but this is more a
matter of the state of existing knowledge and experience with these
measures rather than a deliberate choice to foreclose their use.
Specific concerns include the feasibility of implementing a work-
able coupon rationing system and the increase in the adjustment
cost an emergency tax measure would impose at a time of rapidly
increasing worldwide product prices resulting from an o0il supply
interruption. The NPC recognizes the complexity and need for fur-
ther study of the tax/import fee and coupon rationing options to
determine whether these approaches may represent viable alter-
natives to a limited framework of margin and distribution controls
for possible use in a severe disruption. These studies should be
undertaken promptly by a wide range of knowledgeable institutions
and individuals. This recommendation should not be construed as
supporting any particular level of DOE budgeting for such programs.

Recycling of Increased Government Revenues

The unevenness and arbitrariness with which sudden disruptions
impose hardships on individuals, social groups, firms, and indus-
tries pose major problems for the management of crises and for the
reliance on the market mechanism. These hardships may arise from
the sharp increases in energy prices that may accompany even moder-
ate crises or from the sudden disruption of normal supply relation-
ships that might accompany a severe and sudden loss of specific
sources of crude oil supply. The social acceptability of reliance
on the market mechanism (in a crisis severe and profound enough to
inflict major hardships) will probably depend upon the extent to
which government can deal with the inequitable distribution of
hardships through other means at its disposal. It is noted in this

35



connection that in a severe o0il import disruption, existing tax
laws will yield very large net revenue increases to both the feder-
al government and some state governments as the price of oil rises.
To the extent emergency consumption taxes or import fees may be
imposed, these revenues may be further increased. Readiness to
adjust federal and state revenues and outlays in a crisis may be an
urgent requirement for both distributional and fiscal policy rea-
sons. The study urges that the Administration and the Congress
devote high priority to the identification of such distributional
measures, relying primarily on monetary compensation by government
(so-called rebates) to those affected particularly severely by
price increases, as the method that interferes least with the allo-
cative functions of the market.

RECOMMENDED APPROACH TO MANAGING OIL IMPORT DISRUPTIONS

Market mechanisms are believed to offer the most efficient
means of allocating resources in a crisis, as they do also under
normal circumstances. Efficiency in an energy crisis is an even
more urgent matter than it is under normal circumstances, and it is
particularly urgent with respect to o0il and other energy resources
whose scarcity has precipitated the crisis. The more severe the
crisis, the greater this urgency is. In reaching these conclu-
sions, the study did not compare an idealized free market process
with idealized government regulatory instruments, but the actual
market mechanism as it is known with government regulatory instru-
ments of the sort which have been experienced and realistic assess-
ments of others that have been proposed. Both a market-based
strategy and a regulatory strategy are imperfect under normal cir-
cumstances; both would have serious shortcomings under crisis con-
ditions. Nevertheless, among the realistic alternatives for coping
with a crisis, a market-based strategy will maintain the highest
efficiency 1in resource use and will recover faster than a
regulatory-based strategy.

The government's overall strategy for emergency management of
0il import disruptions should be to rely to the maximum extent on
competitive market mechanisms but to have available a variety of
flexible and constructive emergency standby measures to match and
adjust with an ongoing assessment of the nature and severity of the
disruption.

There has been considerable concern that allowing discretionary
implementation of emergency measures may lead to use of these mea-
sures to deal with minor disruptions or, even worse, 1in normal
fluctuations in the market. The NPC supports the concept of an
emergency management process which would be triggered only by a
specific event which threatens or causes a sudden disruption in
world oil supplies. Such an event would be a necessary but not
sufficient element for activation of emergency procedures. To
activate emergency procedures, there would also have to be an
assessment that severe consequences to the United States would
occur from this event. Examples of such consequences might be that
anticipated U.S. shortfalls would be large enough to threaten oil
availability for defense, health, and safety needs; that foreign
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policy or treaty obligations of the United States would be affect-
ed; that major regional inequities would be likely to occur; and
that sharp, disruptive increases in foreign crude oil prices would
occur.

The first step to be taken by the government in an emergency
should be a thorough assessment of the world strategic situation
and an evaluation of potential impacts on the United States. The
ultimate magnitude, nature, and duration of any disruption is
unlikely to be known at the outset. For this reason, the specific
actions to be used should not be automatically implemented but
rather should be implemented based on an assessment of the reali-
ties at the time the disruption occurs with the benefit of petro-
leum industry expertise and advice.

In addition, any mandatory emergency measures should be tem-
porary and should have provisions to be automatically terminated
after the emergency. Mandatory deactivation mechanisms should be
explicitly defined, such as sunset provisions which specify a lim-
ited period of time after which a new Presidential or Congressional
finding would be required for continuation.

The approach that has been utilized during this study to orga-
nize strategy planning for oil supply disruptions is to deal with
import disruptions to the United States in terms of those up to
about 1 and 2 MMB/D and those larger than approximately 2 to 3
MMB/D. It is at least inadequate and perhaps dangerous to discuss
responses to "small" or "large" disruptions without some guidance
as to what is small and what is large; otherwise, the chance for
misuse is great. Thus, the suggested responses for disruptions of
increasing severity have been cast against order of magnitude dis-
ruptions. The match of disruption size to specific response must
not be taken too literally, however, for many other factors will
also affect the appropriateness of a specific response to the
disruption at hand.

Figure 1 illustrates this concept and the flexible, gradualist
approach for responding to an imports disruption and seeking to
minimize the net remaining shortfall. Selected months for DOE Sce-
narios 1, 1A, 3, and 4 have been shown. The vertical scaled bars
indicate the total level of imports curtailment and the quantita-
tive levels of demand reduction, fuel substitution, SPR diversion,
and emergency surge production identified within the study as po-
tential response steps. The net remaining shortfall for a specific
scenario month 1is represented by the white space within the top
portion of the bars. The total cumulative net shortfall for the
full period of each scenario is noted in the box below each scenar-
io and reflects the amount of shortfall which must be dealt with
through mechanisms other than demand reduction, fuel substitution,
SPR diversion, and emergency production steps. These other mechan-
isms might include price increases, private stock drawdown, SPR
drawdown, excise taxes, import fees, or coupon rationing. (Appen-
dix H provides a more complete description of each scenario by
month for the full period of the particular disruption.)
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As can be seen from Figure 1, the emergency preparedness re-
sponse steps identified in this study could potentially be expected
to offset a disruption of petroleum supplies up to a maximum of
about 2.5 MMB/D. Scenario 4 would represent an extreme disruption
equivalent to blockage of the Straits of Hormuz. The nation has
never experienced a disruption approaching this magnitude; it
represents a scenario of greatest uncertainties. The horizontal
shaded area across Figure 1 notionally represents the range of
disruption above which additional government intervention may be
needed.

In light of the foregoing considerations, the following broad
recommendations are offered. 1In disruptions involving a reduction

of imports to the United States of up to about 1 MMB/D:

@ The competitive market should be relied upon as the primary
adjustment mechanism.

® Market actions should be reinforced by public information
programs to communicate the need for voluntary conservation,
voluntary fuel switching, some voluntary wheeling of elec-
tric power, and voluntary drawdown of private stocks.

@ The SPR fill may be continued initially during a smaller
size disruption, but diversion to the market of current SPR
purchases already contracted should be considered.

In import disruptions of up to approximately 2 MMB/D to the
United States:

@ Primary reliance on competitive market mechanisms should
continue along with the specific actions recommended for
smaller disruptions.

@ In addition, the government should consider taking addi-
tional steps to increase o0il supplies, including the
following:

- Mandated wheeling of electricity from coal and nuclear
generating facilities to displace oil and gas

- Mandated fuel switching from o0il to gas and coal in
dual-fired facilities

- Certain emergency exceptions to environmental standards to
facilitate fuel switching and use of higher sulfur fuels

- Work with state governments to clear the way for and
encourage emergency oil and gas production.

@ Mandating a range of demand reduction steps such as lower

speed 1limits and commercial thermostat management should
also be considered.
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e Consideration should be given to distribution of SPR stocks
above a level of about 200 million barrels to cushion the
impact of the disruption.

In crude oil import disruptions to the United States in excess
of about 2 to 3 MMB/D, the market should be relied upon to the
extent possible supplemented by steps prescribed for lesser short-

falls. It is recommended that domestic crude o0il prices remain
uncontrolled to assist in bringing demand and supply into balance
and to avoid subsidizing imports of foreign oil. However, a

limited program of emergency crude oil and emergency product dis-
tribution and product margin measures should be available on a
standby basis. As explained in the Overview and again earlier in
this chapter, further study is needed of tax/import fee and ration-
ing options to determine whether these approaches represent viable
alternatives to a limited framework of standby margin and distribu-
tion controls for use in a severe disruption. However, at least
until such options are developed, adopted by the Congress, and
available for use, the recommended standby measures for the most
severe emergencies should be structured as outlined below:

e A standby emergency crude o0il distribution program bringing
all refiners to a common crude o0il run ratio based on crude
0il runs in the pre-emergency period should be available as
detailed in Appendix F. The price of crude o0il sales 1in
this program should move with prices in the crude o0il market
and should not provide unwarranted benefits to either buyers
or sellers. Private stocks held by individual refiners at
the time such an emergency program is implemented should be
excluded from the crude o0il sharing program to avoid dis-
couraging private stockbuilding.

@ A standby program of emergency products distribution should
be available as detailed in Appendix G. Strictly limited
priority users, primarily defense, public safety, and public
health, should be assured of only their base period volumes.
This should be complemented by a state set-aside program to
provide limited volumes for distribution within each state's
discretion in meeting additional priority and emergency
needs. The distribution programs should provide for a con-
tinuation of product supplier/purchaser relationships for
the duration of the disruption in crude o0il imports.

@ A simplified margin limitation on refiners, jobbers, and
dealers should also be available as detailed in Appendix G.
Such margin limitations should be generous enough to allow
flexibility and recognize the increased cost of operating
under emergency conditions.

e State and 1local programs should be pre-empted by federal
authority to the extent they conflict with federal programs.

@ SPR inventories should be distributed to the market as
determined by the government to be appropriate.
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Various factors entered into the selection of this particular
approach. Considerable input was received from experts in market
economics, but the subject is not one that can be precisely dealt
with based on hard facts, research, and analysis. Much has been
said and written about various aspects of the problem, but this
study is one of the few attempts to deal in an overall and specific
fashion with the problem of what to do in the event of a supply
disruption. While any emergency management strategy has broad pol-
icy implications, this study has dealt primarily with the practical
supply problems likely to accompany an imports disruption in a way
that improves the prospect that all consumers will be served, while
at the same time attempting to minimize undesirable side effects.
While political acceptability 1is a factor considered, the study
recommendations have not been developed for political expediency
but rather in the belief at this time that they are most likely to

serve this country well in the event of an actual supply
disruption.

The study is neither totally free-market-oriented nor does it
call for government intervention until the need is apparent. The
actions called for in this report in dealing with supply disrup-
tions of up to about 2 MMB/D are the type of actions that would be
prompted by competitive market forces, and the study recommenda-
tions are designed to facilitate these actions. This is not to say
that petroleum prices will not rise if the recommended steps are
taken. However, the clear intent is that price impacts accompany-
ing a supply disruption will not be nearly as great as they would
otherwise be if these steps were not taken. In very severe disrup-
tions, as illustrated by DOE Scenarios 3 and 4, substantial cum-
ulative shortfalls would be 1left after taking all the steps
recommended. Thus, imports disruptions in excess of about 2 to 3
MMB/D have the potential to strain the fabric of the nation. In
order to alleviate that strain, this report recommends that for
imports disruptions in excess of about 2 to 3 MMB/D, the government
have available a limited framework of crude oil distribution and
product margin and distribution measures.

It should be recognized that a complex contract structure
connects refiners to the marketers and end customers théy serve.
During severe supply disruptions, individual refiners will likely
be disproportionately affected in their access to crude o0il and
that disproportionate impact will be transmitted to the marketers,
consumers, and regions of the country they serve. Contractual
commitments may constrain other refiners, whose access to crude oil
has not been disrupted, from attempting to alleviate these effects

on disproportionately affected refiners or their customers. To
supporters of competitive market forces, it is conceded that, given
time, the market would probably sort out these problems -- but per-

haps not before extensive inconvenience to many individual con-
sumers and various regions of the country, and perhaps not before
severe financial impact on many refiners and marketers. Wide
variations might also be projected in product prices across the
country in response to disproportionate availability.
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As a caveat to the above recommendations, this study does not
provide in-depth quantitative analyses of the dynamics of these
measures under the constrained and uncertain conditions imposed by
the emergency. These recommendations are more the product of expe-
rience and judgment. Obviously, more study would be appropriate on
such questions as how the price setting mechanism will work in an
emergency crude oil sharing program, how emergency margin limita-
tions could be implemented at various stages in refining and dis-
tribution, etc. In addition, there is a danger that some who read
the above recommendations will seek to apply them to much smaller
imports disruptions than 1is intended, or worse, even to normal
market conditions. These kinds of problems suggest continued
industry/government cooperation in emergency preparedness planning,
as summarized below.

EMERGENCY INDUSTRY/GOVERNMENT OPERATIONS

Various types of industry/government cooperative mechanisms
have been formed in the past to deal with either actual or antici-
pated energy emergencies. Some [the Petroleum Administration for
War (PAW) and the Petroleum Administration for Defense (PAD)] were
assembled under wartime conditions and were concerned with maximiz-
ing output at a time when domestic crude o0il supplies were adequate
and the United States was a major o0il exporter. The Emergency
Petroleum and Gas Administration (EPGA) was formed to prepare for
and deal with the threat of direct nuclear attack on the United
States and the consequent disruption of petroleum operations. None
of these organizations is suitable for the type of major oil im-
ports supply disruption studied by the NPC and the recommended
approach to managing import disruption described in the preceding
section.

Government Organization for

A government entity charged with coordinating and administering
the overall response to major oil import disruptions is essential
to the effectiveness of emergency preparedness plans. Under the
current organization of the Executive Branch, such an agency would
logically fit in the Department of Energy and should be given over-
all responsibility for:

@ Pre-emergency planning

@ Assisting the Secretary of Energy and the President 1in
assessing threatened or actual oil import disruptions to the
United States

e Developing appropriate response options to deal with an
ongoing emergency and assisting the President and/or the
Secretary of Energy in selecting options for implementation
and termination

e Providing the basic organizational framework for coordinat-
ing emergency measures during the time they are operational
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e Developing plans to educate the public well in advance of an
emergency and to provide effective public communications
during the emergency.

This agency should require only a small full-time staff. Its
ongoing activities would include planning as well as its monitoring
and assessment functions. Maintaining a large standby operations
staff 1is not consistent with the thrust of emergency response
measures emphasized in this study, which involve maximum reliance
on market mechanisms and relatively limited temporary government
interventions in the marketplace in severe disruptions. This
agency should receive adequate resources and have access to senior
Administration officials.

Private Sector Advisory Role

As a suitable vehicle for providing private sector input to the
government energy emergency entity, this study recommends that a
federal advisory committee be formed as soon as practical to pro-
vide continuing advice and assistance to the Secretary of Energy on
questions of energy emergency preparedness both prior to and during
an emergency. The Secretary of Energy would choose the members of
such a private sector advisory committee primarily to provide him
direct access to the experience, expertise, and counsel of energy
industry executives, but a wide spectrum of other constituencies
such as consumers, labor, research, public interest, and academic
organizations should also be represented.

The proposed advisory committee could provide a variety of
useful inputs to the Secretary of Energy. At the pre-emergency
planning stage, it would be a 1logical source of comprehensive
understanding on the workings of the petroleum industry, both in
this country and overseas. During the difficult period in which a
potential disruption in the normal flow of petroleum exports and
imports is developing, its counsel would provide a useful mechanism
in assessing the often conflicting and fragmentary data that
emerge. In this regard, it would supplement but not replace the
various other situation assessments available to the government and
would not involve an exchange of proprietary information. During a
supply emergency, it could provide evaluations and technical guid-
ance on the policy responses available to the Secretary and the
President and on the operational implementation of the policies
chosen. It could also provide industry information and counsel
that the Secretary may desire in fulfilling U.S. commitments to the
IEA. Its role would not include actually recommending government
policies or response options for implementation. However, the com-
mittee could provide feedback on the effectiveness of the response
options selected. In instances where the Secretary of Energy re-
quests specialized technical guidance from the advisory committee,
the committee could (with the Secretary's concurrence) set up tem-
porary professional subcommittees to assist the advisory committee
in responding to the Secretary.

It does not appear that the private sector activity recommended
herein would require changes in the antitrust laws. However, such
activities should be carried out pursuant to guidelines provided by
antitrust counsel.
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SUMMARY OF ACTIONS RECOMMENDED TO PREPARE FOR OIL IMPORT
DISRUPTIONS

It is recommended that the following actions be taken now to
prepare for future emergencies. Discussion of the recommendations
summarized here is contained in various chapters of the report, as
noted in parentheses.

Emergency Industry/Government Operations

A government entity with access to senior Administration
officials should be charged with pre-emergency planning as
well as coordinating and administering the implementation of
the overall response to major oil import disruptions.
(Chapter Nine)

A federal advisory committee of representatives from the
private sector should be formed as soon as practical to
provide continuing advice and assistance to the Secretary of
Energy on questions of energy emergency preparedness.
(Chapter Nine)

Plans should be developed to educate the public well in
advance of an emergency and to provide effective public
communications during the emergency. (Chapters Two and
Nine)

Further study of tax/import fee and coupon rationing options
is needed promptly to determine whether these approaches
represent viable alternatives for possible use 1in severe
import disruptions. (Chapter One)

High priority should be given to studies to identify appro-
priate distributional measures to recycle increased govern-
ment revenues during oil supply emergencies. (Chapter One)

Emergency Oil and Gas Production

Standby plans for emergency o0il and gas production should be
developed by the responsible state and federal regulatory
agencies. The plans should include measures for:

- Definition of maximum allowable emergency production rates
for each field with surge capability (Chapter Four)

- Temporary relaxation of conservation and environmental
rules relative to 1limited gas flaring and emissions
(Chapter Four)

- Procedures for allocating increased production to individ-
ual properties (Chapter Four)

- Temporary suspension of reduced gas allowables due to pre-
vious overproduction (Chapter Five)

- Emergency procedures to expedite approval (e.g., NPGA fil-
ings) for production from new gas wells (Chapter Five)
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- Necessary standby legislative and regulatory authorities.
(Chapter Four)

Identification of potential bottlenecks in pipeline capabil-
ities for delivery of additional emergency gas supplies dur-
ing peak winter periods deserves further study. (Chapter
Five)

Emergency Refining and Logistics Operations

Standby measures for emergency relaxation of product quality
specifications for distillate fuel oils and jet fuel should
be established. (Chapter Six)

Measures to reduce response times required to obtain emer-
gency relaxation of environmental sulfur content specifica-
tions on heavy fuel o0il and distillate fuels under the Clean
Air Act should be considered. Legislative changes may be
required. (Chapter Six)

To avoid potential bottlenecks in west-to-east crude oil
movements during an o0il import disruption, the federal
government should:

- Give priority to completing actions needed to allow the
use of U.S.-subsidized tankers on a l2-month basis (sub-
ject to semiannual review) and the use of foreign flag
tankers on short notice (Chapter Seven)

- Streamline the legislative authority and regulatory mech-
anisms required for exchange of domestic crude o0il from
PAD V with contiguous or noncontiguous countries to allow
rapid implementation 1in emergencies if needed (Chapter
Seven)

- Ensure that current crude o0il exchange mechanisms with
Canada are extended in order to provide additional
flexibility in U.S./Canadian logistics systems (Chapter
Seven)

- Review tax and regulatory factors that act as disincen-
tives to investments in major U.S. pipelines which may be
needed longer range, (Chapter Seven)

The delivery capability of crude o0il from the SPR to the
petroleum logistics system should be further investigated.
(Chapter Seven)

Security Stocks

The government should take all reasonable steps without
causing disruptions in world oil markets to maintain or
accelerate the development and filling of the Strategic
Petroleum Reserve up to the currently projected capacity of
750 to 1,000 million barrels by 1990. (Chapter Three)
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Government o0il acquisition procedures should be streamlined
and sufficiently flexible to utilize a mix of government-
owned reserves, term supply contracts, and spot purchases as
market conditions permit. (Chapter Three)

Government should minimize disincentives to private stock-
building by suppliers and consumers. Such disincentives
include price and allocation controls as well as the
perceived threat of future price and allocation controls on
such stocks during supply disruptions. (Chapter Three)

International Considerations

The recommended government contingency planning entity
should be designated to assist the President in determining
whether an IEP emergency should be declared. This entity
should have access to private sector advice. (Chapter

Eight)

Emergency standby measures in the United States should take
account of potential international emergency oil allocation.

(Chapter Eight)

The recommended government contingency planning entity
should make preparations to handle the administrative tasks
involved in the international emergency program including,
in particular, monitoring company supply positions, evalu-
ating the IEA data and recommendations, and implementing
emergency allocations as necessary. Increased attention to
training government personnel on IEA procedures would be one
step to consider. (Chapter Eight)

U.S. representation on IEA standing committees should more
actively participate in the development of IEA policies.
Concentration of representation in a single government
entity would facilitate this goal, while other interested
agencies should continue to play appropriate roles within
the U.S. government on IEA matters. (Chapter Eight)

Information should be provided to oil companies, government
agencies, and other interested parties on the IEA and its
activities so that they can better understand and prepare
for their role in an international emergency. Plans should
also be considered for a public information program during
an emergency to explain cooperative international efforts
under way. (Chapter Eight)

Consideration should be given to establishing an estimate of
"current demand" for use in determining the true effects of
an interruption in oil imports. This would reduce the dis-
tortion introduced by the base period concept in a period of
declining demand. (Chapter Eight)

Provisions to facilitate rapid response consultations among
IEA member governments should be developed as a means of
addressing lower level disruptions. (Chapter Eight)
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Chapter Two

EMERGENCY DEMAND REDUCTION
AND FUEL SUBSTITUTION OPTIONS

INTRODUCTION

This chapter identifies a set of voluntary and standby manda-
tory demand reduction strategies and provides estimates of the sav-
ings possible through the implementation of these strategies. The
identification of these strategies does not imply their recommenda-
tion; rather, the intent 1is only to quantify the effectiveness of
various actions which might be considered in managing the shortfall
resulting from oil import disruptions.

In order to achieve the various demand saving or fuel switching
steps identified in this chapter, various degrees of action would
be necessary. Some of the savings which could be viewed under the
category of voluntary, or minimum disruptive impact on consumers,
are likely to be realized as a result of publicity campaigns by the
public and private sectors. Price elasticity will tend to encour-
age conservation as well. However, as the nation moves toward im-
plementing additional steps, government actions mdy be needed. As
examples, emergency exemptions to the Fuel Use Act will be needed
to permit fuel switching from oil to gas in the utility sector.
Exemptions to the Clean Air Act will be needed to achieve refinery
fuel savings. The government entity in charge of emergency prepar-
edness should maintain an up-to-date list of authorities needed to
implement demand management and fuel substitution steps.

Varying degrees of oil disruption severity have been incorpo-
rated into scenarios for use in this analysis. These scenarios
were developed by the DOE and are based on different levels of
exports reduction for three, six, and l1l2-month periods. These cut-
backs are assumed to be initiated by the Organization of Arab Pe-
troleum Exporting Countries (OAPEC) and Iran.l In 1979, this
group of countries exported about 20 MMB/D, and this level of ex-
ports was used to calculate the crude o0il denials for the various
cases. An o0il denial implies a reduction in supply only. The
details are summarized in Table 2 and are detailed by product in
Appendix I, Exhibit 1.

In order to determine the magnitude of change to normal condi-
tions imposed by the denial scenarios and thereby aid in emergency
planning decisions, a seasonalized base 1line supply and demand
forecast was developed from available sources for the years 1980,
1981, and 1985. The proposed planning line summary forecast and
additional details are included in Appendix I, Exhibit 2.

loaPEC membership includes Algeria, Bahrain, Egypt (suspended
following the Camp David Agreements), Iraq, Kuwait, Libya, Qatar,
Saudi Arabia, Syria, and the United Arab Emirates.
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Description

Duration (Months)

Total World Denial
(MB/D)

U.S. Denial (MB/D)
Crude 0il

Products

Description

TABLE 2

Summary of Imports Denials

Duration (Months)

Total World Denial
(MB/D)

U.S. Denial (MB/D)
Crude 0il

Products

Scenarios
1 _1a 2 3
OAPEC & Iran OAPEC & Iran
Export Export OAPEC & Iran OAPEC & Iran
Interruption Interruption Export Export
of 5% Against of 10% Against Interruption Interruption
U.S. Only U.S. Only of 25% of 40%
6 6 6 12
1,000 2,000 4,900 7,800
1,000 2,000 2,200 3,200
825 1,650 1,800 2,600
175 350 400 600
Scenarios
4A 4B 4C
Persian Gulf Persian Gulf Persian Gulf
Interruption Interruption Interruption
of 100% of 75% of 50%
3 3 6
16,400 12,300 8,200
4,600 3,500 2,500
3,750 2,850 2,050
850 650 450




SUMMARY

One of the difficulties facing the United States under any
emergency o0il denial condition is that much of the "easy" conserva-
tion potential that existed during the 1973-1974 o0il embargo has
already been put in practice as a result of higher energy prices,
mandated conservation measures, and fuel switching programs. An
indication of this reduced potential is shown in Table 3, which
compares two forecasts of 1985 oil demand. The "old" forecast is
the NPC's 1974 forecast, while the "new" projection 1is the one
developed for this report.

TABLE 3
0il Demand Forecast Comparison For 1985
(MB/D COE)
Reduction
01d New %
Residential/Commercial 2,834.4 1,996.3 29.6
Transportation 11,243.1 8,837.3 21.4
Industrial 2,503.7 1,786.9 28.6
Non-Energy 2,914.7 2,173.7 25.4
Electric Utilities 1,464.4 838.8 42.7
Total 20,960.3 15,633.0 25.4

Table 4 lists the demand reduction strategies considered for
this report. These strategies have been prioritized in order of
their impact (i.e., minimum, moderate, or major) as judged by the
estimated degree of difficulty of implementation and/or by the
severity of their effect; e.g., lifestyle changes, equipment alter-
ations, and effect on the energy consumer. The relative degree of
acceptance during strategy implementation is likely to correspond
to these classifications. Since each scenario differs as to amount
and/or time of denial, the strategies employed and their effective-
ness differ for each scenario. With the exception of the savings
for the industrial sector, it is assumed that all other strategies
could be fully effected in 60 days, 1if the necessary programs, as
described in the body of the report, are already in place. These
potential savings were calculated based on currently available
data. If greater conservation and fuel switching effects occur in
the future than are now expected, these potentials will be reduced
accordingly.

Tables 5 through 8 show for each o0il denial scenario the net
effect after demand reduction steps are taken, as well as re-

quired changes in other energy sources. Additional details may be
found in Appendix I, Exhibit 1. Time periods used in the analysis
are both summer and winter for 1981 and 1985. For each of the
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0S

Ground Transportation

Reduce Speed Limit
Reduce Personal Vehicle
Travel
Carpooling
Driver Education
Vehicle Inspection
School Bus Utilization
Intracity Service Trip
Planning
Trucking Deregulation
Odd-even Auto and
Light Truck Fuel Sales
Vehicle Use Stickers
Ban Weekend Fuel Sales
Four-day Work Week
Ban Recreational Fuel Use

Aviation

Relaxation of CAB Rules

Flight Operation
Improvements

Voluntary Reduction of
Military Flights

Increase Airline Seat Load
Factor

Elimination of Discretion-
ary General Aviation
Flights

TABLE 4

Summary of Saving Strategies Considered¥*

Estimated Impactt

Min.

Min.
Min.
Min.
Min.
Min.

Min.
Min.
Mod.
Mod.
Maj.
Maj.
Maj.

Min.
Min.
Mod.

Mod.

Maj.

MB /D
0il Gas Coal Electricity
90 -— -- --
50 - - --
380 - - --

60 - - -

95 -— - -

60 - - -
————————————— No Estimate-------—-———---
————————————— No Estimate-------—————---
145 - - --

50 - -~ --

240 - - --

35 - - -

30 -~ - -
————————————— No Estimate-—-—----—==————-—-
————————————— No Estimate--—-—-—-—-=—===——--
————————————— No Estimate-------———---—-

85 - - -

10 -— - -
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Electric Utilities

Oil-to-Gas Conversion

Increased Electricity
Wheeling

Increased Electricity
Imports

Voltage Reduction (%)

Emergency Demand Reduction

Program

Increased Coal-Fired
Generation

Nuclear Power

Residential

Thermostat Management
Weather Stripping
Insulation
Maintenance

Water Heating

Commercial

Thermostat Management

Ventilation

Maintenance

Water Heating --
Insulation

Water Heating --
Thermostat Setting

Lighting Reductions

Fuel Switching

TABLE 4 (Continued)

MB /D

Estimated Impactt 011l Gas Coal Electricity
Min. 240 (240) - -
Min. 30 - (30) -
Min. 30 - -- -
Min. 20 - - ~-
Min. 50 - - -
Min. = —o—m———————— No Estimate---———-——————-———-
Maj. 30 - - -
Min. 15 30 - 10
Min. 5 10 -= 5
Min. 15 - -- -
Min. 15 30 - 10
Min. 35 90 - 15
Min. 35 85 - --
Min. 15 35 - -
Min. 15 35 -- -
Min. - 5 - -
Min 0 @ ——————————— (Less Than 5)-—-—-==-—=————--
Min. - - - 35
Min. = @————————————- No Estimate---—-—----——-——-
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TABLE 4 (Continued)

MB/D
Estimated Impactt 0il Gas Coal Electricity

Commercial (Continued)
Close Schools During

Winter Months Maj. = mmmmm———————— No Estimate------—-—===-—--
Industrial
Boilers (0il to Coal) Min. 50 -—— (50) -
Boilers (0il to Gas) Min. 220 (220) - -
Nonboiler (0il to Gas) Min. 40 (40) - -
Electric Drive for Steam Min. 40 - - (40)
Control of Excess Oxygen Min. 10 - - -
Added Insulation Min. 10 - - -
0Oil Desulfurization

Reduction Mod. 50 - —-— -
Subtotals
Minimum 1,625 - - -
Moderate 330 - - -
Major 345 - -— -

Total 2,300

*This listing is for representation purposes only. The numbers used are for winter
months and implementation is possible by 1985. The individual demand sections tabulate
the savings for summer as well as those that:-could be implemented by 1981. The combina-
tion of values used for each scenario is described in the demand section summary tables.
Brackets indicate additional energy quantities needed to replace o0il in cases of fuel
switching.

tMinimum (Min.), moderate (Mod.), and major (Maj.) impact as judged by the estimated
degree of difficulty of implementation and/or by the severity of effects.



TABLE 5

DENIAL PERIOD: SUMMER 1981%*

Net Impact of 0Oil Denial After Demand Reductiont

(MB/D)§
Scenarios

1 1A 2 3 4A 4B 4C

Gasoline (65) 360 440 310 910 440 20
Jet Fuel (30) 25 35 90 160 100 50
Middle Distillate 25 210 250 355 600 400 225
Heavy Fuel 0il (80) 210 285 375 775 460 160
Total (150) 805 1,010 1,130 2,445 1,400 455

Other Energy Balances Required to Support Demand Reduction Strategies
(MB/D COE)§

Scenarios
1 1A 2 3 4A 4B 4C
Electricity" (20) (20) (20) (10) (10) (10) (10)
Gas 250 250 250 335 335 335 335
Coal 40 40 40 50 50 50 50
TABLE 6

DENIAL PERIOD: WINTER 1981*%*

Net Impact of 0il Denial After Demand Reductiont

(MB/D)§
Scenarios
1 1A 2 3 4A 4B 4C
Gasoline (45) 380 460 355 955 485 65
Jet Fuel (30) 25 35 90 160 100 50
Middle Distillate (25) 160 200 290 535 335 160
Heavy Fuel 0il (150) 140 215 330 730 415 115
Total (250) 705 910 1,065 2,380 1,335 390

Other Energy Balances Required to Support Demand Reduction Strategies
(MB/D COE)§

Scenarios
1 1A 2 3 4A 4B 4C
Electricity% (55) (55) (55) (45) (45) (45) (45)
Gas 50 50 50 135 135 135 135

Coal 40 40 40 50 50 50 50

*Note: ( ) indicates gain or net energy surplus; no ( ) indicates an
energy supply deficit.

t0il balances must be adjusted for increased production, if available.

§Al11 numbers rounded to the nearest 5 units. Crude oil equivalent barrels
are based on a 5.8 x 106 Btu/bbl.

9Electricity gain does not take into account possible changes in electric
utility reduction strategies.
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TABLE 7

DENIAL PERIOD: SUMMER 1985*

Net Impact of 0il Denial After Demand Reductiont

(MB/D)§
Scenarios

1 1A 2 3 4A 4B 4C

Gasoline (65) 360 440 310 910 440 20
Jet Fuel (30) 25 35 90 160 100 50
Middle Distillate (105) 80 120 300 545 345 170
Heavy Fuel 0il (220) 70 145 310 710 395 95
Total (420) 535 740 1,010 2,325 1,280 335

Other Energy Balances Required to Support Demand Reduction Strategies
(MB/D COE)§

Scenarios
1 1A 2 3 4A 4B 4C
Electricity" - - - -— - - -
Gas 395 395 395 395 395 395 395
Coal 80 80 80 80 80 80 80
TABLE 8
DENIAL PERIOD: WINTER 1985*%*
Net Impact of 0il Denial After Demand Reductiont
(MB/D)§
Scenarios
1 1A 2 3 4A 4B 4C
Gasoline (45) 380 460 355 955 485 65
Jet Fuel (30) 25 35 90 160 100 50
Middle Distillate (155) 30 70 235 480 280 105
Heavy Fuel 0Oil (290) 0 75 265 665 350 50
Total (520) 435 640 945 2,260 1,215 270
Other Energy Balances Required to Support Demand Reduction Strategies
(MB/D COE)§
Scenarios
1 1A 2 3 4A 4B 4C
Electricity% (35) (35) (35) (35) (35) (35) (35)
Gas 195 195 195 195 195 195 195
Coal 80 80 80 80 80 80 80

*Note: ( ) indicates gain or net energy surplus; no ( ) indicates an
energy supply deficit.

+0il balances must be adjusted for increased production, if available.

§All numbers rounded to the nearest 5 units. Crude oil equivalent barrels
are based on a 5.8 x 10© Btu/bbl.

SElectricity gain does not take into account possible changes in electric
utility reduction strategies.
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scenarios, direct o0il savings which result from the various demand
reduction strategies are totaled by product. These savings are
then reduced by the volume of product denied during the o0il short-
fall and further reduced by refinery output product reductions
which result from the loss of crude oil. Additional o0il savings
are derived from the consequent reduction in refinery runs. (Refin-
eries consume approximately 10 percent of the o0il they process.)
The balance after these adjustments reflects the oil product sav-
ings or deficit estimated for each scenario. (Volumes enclosed in
parentheses indicate a net savings; without parentheses, a net def-
icit.) For example, in Scenario 1, Summer 1981 (Table 5), 150 MB/D
over and above the denial volumes 1is not consumed during the
emergency reduction period. For Scenario 4A, the deficit net of
demand reductions 1is estimated to average 2.4 MMB/D. In all
scenarios indicating a net deficit an additional strategy beyond
those discussed in this chapter must be employed.2

In addition to their direct impact on o0il demand, the strate-
gies outlined in this report also affect other energy sources.
For example, not only oil, but also natural gas use may be reduced
in a thermostat control program. On the other hand, fuel substitu-
tion strategies (such as the conversion from o0il to gas in indus-
trial or utility boilers) increase demand for other energy sources.
Later chapters of this report discuss the potential for emergency
production and logistical measures.

As indicated in Tables 5 through 8, only in Scenario 1 (the
least severe o0il denial) are demand reductions by themselves
sufficient to offset the reduction in imported crude oil.

While the effects of savings due to the relaxation of environ-
mental and other regulatory restrictions have not been dealt with
exhaustively, some of the demand reduction strategies will require
the relaxation of environmental or other regulatory restrictions.
For example, the emergency substitution of natural gas for oil in
the electric utility sector would require exemptions under the Fuel
Use Act, and certain changes in refinery operation would require
exemptions to the Clean Air Act.

DISCUSSION AND ANALYSIS

Ground Transportation

The use of o0il for ground transportation averages approximately
8 MMB/D, roughly half of all oil consumed in the United States. As
a result, the ability of this country to accommodate an o0il denial

2These deficits are calculated prior to possible supply ad-
justments such as increased domestic supplies and refinery yield
chanaes, which are discussed in a later part of this report.

Throughout this report units are expressed either as natural
units (MB/D) or in crude o0il equivalents (MB/D COE). The conver-
sion to COE is based on 5.8 million Btu per barrel of crude oil.
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is in large part dependent on whether ground transportation demand
can be reduced. The two primary oil products used as ground trans-
portation fuels are motor gasoline and diesel fuel. Minor amounts
of residual fuel o0il and 1liquified gases are also consumed, but
their use is relatively insignificant. During 1980, the demand for
motor gasoline and diesel averaged 6.7 MMB/D and 1.3 MMB/D, respec-
tively. The continued effects of higher prices, a slow economic
recovery, and a growing use of fuel-efficient automobiles are ex-
pected to further reduce motor gasoline consumption during 1981 to
less than 6.6 MMB/D. On the other hand, the continued penetration
of diesel-powered automobiles in the personal transportation market
is expected to result in a slight increase in diesel consumption
during 1981, despite higher fuel prices.

Oil consumed in ground transportation is used for two major
activities: personal transportation use, including fuels used in
personal automobiles, light trucks, and vans; and commercial and
other use, including freight trucks, commercial vans, and buses.
Each activity has an intercity and intracity component. For exam-
ple, intracity personal transportation includes home-to-work trips
and other personal travel (such as shopping). Different strategies
are required to maximize the potential o0il savings within each
subcategory of oil use.

As shown in Table 9, most of the savings which can be real-
ized in the ground transportation area result in reductions 1in
gasoline use. The strategies are ranked according to the ease with
which they can be implemented. For Scenarios 1, 1A, and 2, only
the first three strategies are employed, while the use of all
strategies is assumed for the remaining scenarios. Quantification
of each of these strategies is described in the remainder of this
section. Not all strategies were quantified, however, either be-
cause demand reduction which may result could not be quantified or
because 0il savings were considered to be negligible.

The strategies outlined here could be used to effect signifi-
cant o0il savings with minimum economic or social disruption. How-
ever, the actual level of savings is affected by the extent of
consumer compliance with the demand reduction programs. Implemen-
tation of any strategy should emphasize actions, such as increasing
downtown area parking fees and setting aside carpool/vanpool lanes,
which encourage compliance.

Reduction of Speed Limit to 50 Miles Per Hour (mph)

Fuels used for intercity transport comprise 26 percent of all
fuels consumed for ground transportation: 17 percent automobiles
and light trucks and 9 percent diesel-powered freight trucks. For
this strategy, highway speed is assumed to be reduced from a cur-
rent average of 55 mph to 52 mph during the denial period. As a
result of increased vehicle efficiencies, fuel use is estimated to
decline 3 percent for automobiles and 5 percent for trucks. Under
these assumptions, total savings are estimated at 50 MB/D for gaso-
line and 40 MB/D for diesel fuel, as shown in Table 10.
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TABLE 9

Estimated 0Oil Savings: Ground Transportation¥*

(MB/D)
Motor
Gasoline Diesel
Strategies Winter Summer Winter Summer
A-1 Reduce Speed Limit 50 50 40 40
A-2 Reduce Personal Vehicle
Travel 50 50 -- -
A-3 Carpooling 380 400 -— -—
A-4 Driver Education 60 60 -— --
A-5 Vehicle Inspection 95 105 —— -—
A-6 School Bus Utilization 60 60 —— -—
A-7 0dd-Even Auto and Light
Truck Fuel Sales 145 155 - -
A-8 Ban Weekend Fuel Sales 240 255 -- --
A-9 Vehicle Use Stickers 50 50 -— -
A-10 Four-Day Work Week 35 35 - -
A-11 Ban Recreational Fuel 30 30 - -
Use
A-12 Intracity Service Trip
Planning = m———————- No Estimate Made------—---
A-13 Trucking Deregulation =  —-===—=——-- Estimate Not Used--------
*Scenario balances were calculated as follows: for Scenarios

1, 1A, and 2, only Strategies A-1 through A-3 were assumed to be
implemented; for Scenarios 3, 4A, 4B, and 4C, Strategies A-1
through A-11 were employed. The average of Strategies A-7 plus
A-8 was used in the scenario calculations since these strategies
overlap.

Reduction of Personal Vehicle Travel

Reduced personal automobile and light truck travel is estimated
to save 49 MB/D of motor gasoline and 1 MB/D of diesel fuel. This
estimate assumes that there is a potential savings of 5 percent in
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TABLE 10

Savings From Reduction of Speed Limit

% of Total 0il Product
Transportation % Fuel Use Fuel Use Savings Savings
Fuel Fuel Reduction (MMB/D COE) (MB/D COE) (MB/D)
Gasoline
(Autos) 17 3 8 41 50
Diesel
(Trucks) 9 5 8 36 40

automobile and light truck fuel consumption through planning (e.g.,
combining trips) and that 30 percent of this potential is realized.
The savings potential (5 percent) was obtained by assuming that
about half the o0il savings potential of 11 percent estimated by the
Conference Board in 1977 has already been achieved and that an
additional 5 percent potential still remains. The 30 percent com-
pliance rate is judgmental.

Carpooling

Substantial o0il savings could be achieved by reducing the num-
ber of one-passenger trips used in the home-to-work cycle. It has
been estimated that 70 percent of home-to-work trips now involve
one-passenger automobiles and light trucks.4 Assuming that 34
percent of automobile/light truck travel is committed to the home-
to-work cycle,5 motor gasoline and diesel fuel use for this type
of travel is approximately 1,830 MB/D and 16 MB/D, respectively.
During an oil denial, half the drivers of one-passenger vehicles
are assumed to join carpools averaging 2.5 riders. Thus, home-to-
work travel fuel use by one-passenger vehicles could be reduced by
30 percent, resulting in total savings of 390 MB/D for gasoline and
3 MB/D for diesel fuel, as Table 11 shows.

Driver Education Programs -- Newer Vehicles

Vehicle efficiency improvements of 5 percent may be achieved
for newer vehicles (50 to 60 percent of the fleet) through driver
education programs which emphasize fuel-efficient vehicle opera-
tion. Fuel consumed by these vehicles is estimated to average
3,130 MB/D of motor gasoline and 46 MB/D of diesel fuel. It is
assumed that this strategy affects 40 percent of the drivers of

47ransportation Energy Conservation Data Book, 1979.
51974 National Transportation Report, Department of Transpor-
tation.
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TABLE 11

Savings From Carpooling

0il

Product

Total Fuel Use & of Trips % Fuel Use Savings
Fuel 7 (MB/D) Home-to-Work Reduction (MB/D)
Gasoline 1,830 70 30 390
Diesel 16 70 30 3

newer vehicles (and therefore 40 percent of fuel consumed), result-
ing in an o0il savings of 60 MB/D of motor gasoline and 1 MB/D of
diesel fuel.

Vehicle Inspection, Maintenance, and Driver Education --
Older Vehicles

In addition to driver education programs, the fuel efficiencies
of older vehicles (40 to 50 percent of the fleet) may be improved
by vehicle maintenance programs, including such actions as the use
of radial tires, proper tire inflation, adequate lubrication, cor-
rect brake adjustment, etc. These programs are assumed to result
in a 13 percent improvement in vehicle mileage per gallon.6 To-
tal fuel consumed by these older vehicles is estimated to average
2,480 MB/D of motor gasoline (diesel automobiles and light trucks
are nearly all newer than the vehicles assumed to be in need of
maintenance). Moreover, during the oil denial, it is expected that
approximately 30 percent of these vehicles will be inspected and
any deficiencies corrected. As a result, motor gasoline savings
among older vehicles are estimated to average 100 MB/D.

School Bus Utilization

The inventory of school, church, and other buses not fully
utilized is in excess of 400,000. If an effective park-and-ride
system could be organized using neighborhood shopping center park-
ing lots as passenger loading and car storage areas, it is esti-
mated that 60 MB/D of gasoline could be saved. This program
requires coordination of working hours with school hours. It has
been suggested that a four-day week could be coordinated with a
school bus wutilization plan to avoid school/work travel time
conflicts. For example, buses.could transport workers downtown
during the 6:00 a.m. to 7:00 a.m. period and then carry students to
and from school before transporting workers home in the evening (at
6:00 p.m.). This could be a four-day-a-week routine. However,
there are problems with the implementation of a mandatory four-day
work week which are discussed elsewhere in this chapter.

6Mathematica, Inc., Comprehensive Evaluation of Energy Con-
servation Measures, 1975.

59



The 60 MB/D estimated savings for this program is the net of
the reduced number of one-passenger home-to-work commuter miles
(excluding mileage to the park-and-ride facilities) and the in-
creased number of bus miles at a reduced fuel efficiency. It was
assumed that 150,000 buses would be used, that each would transport
38 passengers to and from work, that the commutation trip would be
18 miles by bus and 4 miles round trip by car to the park-and-ride
lot, that a four-day work week would be in effect, and that the
ridership of the home-to-work vehicles displaced was 1.5
passengers.

Odd-Even Fuel Sales to Autos/Light Trucks

After an initial inventory adjustment period, this action, as
employed in the past, will have very little effect on fuel use.
The 1initial 1inventory adjustment period can be shortened if a
minimum purchase rule is adopted as part of the odd-even program.

The odd-even program can lead to fuel savings if it is adopted
nationwide and if the rule is applied to all travelers (in most
instances, travelers from out-of-county have been allowed to ignore
the rule for fuel purchases). The program would have to be de-
signed so that the impact would fall on leisure driving rather than
business travel. It is estimated that 10 percent of U.S. automo-
bile miles traveled are devoted to leisure driving in excess of 200
miles per round trip.’ Thus, the savings potential for a com-
plete elimination by mandate (odd-even sales with minimum purchase)
of such trips is 400 to 500 MB/D. This estimate is an upper limit
in that it assumes that all leisure trips over 200 miles will be
eliminated. A more realistic estimate of savings for this program
ranges from 150 to 200 MB/D to reflect a reduction in the number of
trips or a shortening of trip length rather than their elimination.

Ban On Weekend Fuel Sales

This action would nearly eliminate leisure trips in excess of
200 miles except for the annual vacation. It has been estimated
that the potential fuel savings for this action approach 8 percent
of fuel sales to auto/light trucks, amounting to 400 MB/D. This
estimate is the upper limit of o0il savings and represents a com-
plete elimination of weekend trips over 200 miles. A more likely
estimate of savings includes the continuation of weekend trips,
although of shorter 1length. According to the 1978 Hershberg and
Steinhart study, a reduction of average trip length by 50 percent
would save 200 to 250 MB/D. However, these savings are highly
seasonal. It should also be emphasized that the o0il savings for
this action may not be added to those of the strictly enforced
national odd-even fuel sales program outlined above, as the pro-
grams clearly overlap.

7Hershberg and Steinhart, 1978 Energy, Summer 1978.
8Alan M. Voorhees, 1974.
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Reduction in Vehicle Use (Stickers to Eliminate Use One Day Per
Week)

This program would save much less fuel than might be antici-
pated because most drivers have access to more than one vehicle or
can readily schedule travel around the "off" day. 0Oil savings
would accrue primarily through reduced home-to-work travel for
those dependent on a single vehicle. Although various estimates of
potential o0il savings range as high as 320 MB/D, a reduction of
only 50 to 75 MB/D can reasonably be expected.

Compressed Work Week

If the obvious labor union and contract problems can be over-
come, 0il savings may be possible with a four-day work week. Assum-
ing that the program savings would not be offset by the disruption
of ongoing carpool/vanpool programs and that a worker does not
drive on his off day, the oil savings could approach 3 to 4 MB/D
for each 1 percent of the work force participating. 1In making this
estimate, it is assumed that 28 billion gallons of gasoline per
year are used for home-to-work travel. If 10 percent of the work
force worked only four days each week, a 3 percent fuel savings
would be achieved. This represents a total savings of 33 MB/D, or
3 to 4 MB/D per 1 percent of the work force. Moreover, in the
emergency situation described in the denial scenarios, it is rea-
sonable to expect that 10 percent of the work force would partici-
pate in a compression of the work week. Other recent estimates of
fuel savings resulting from a four-day work week are considerably
higher than the estimate reported here.

The four-day work week has numerous opponents in industry who
point out many problems, from implementation to labor union rela-
tions. Special concerns have been expressed by those industries
which operate on a continuous basis, such as the aluminum industry.
An example of their concern has been exgressed to the Department of
Energy by the U.S. Chamber of Commerce.

The compressed workweek begs questions relating
to pension contributions, sick pay, holiday
pay, jury duty, and even lunch money. If there
must be a measure to compress the workweek, it
must provide flexibility to accommodate special
cases. Consideration must be given to problems
that will arise in situations such as the
following:

- Demand factors and capacity restraints some-
times require that a supplier work an
extended week to keep a dependent facility
on a normal work schedule.

9Docket #CAS-RM-79-507-3/20/80.
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- Some manufacturing processes cannot be shut
down without causing severe damage to their
equipment.

- Excessive idling of such equipment is an un-
productive use of energy and an increase in
production costs.

- Industrial, commercial, and agricultural
activities paced by cyclical weather condi-
tions, or dealing with perishable commodi-
ties, would be severely disrupted.

Ban on Recreational Uses of Fuel

Recreational boats currently consume about 60 MB/D, recrea-
tional aviation uses less than 10 MB/D, and other recreational
vehicles, including bikes and snowmobiles, use about 20 MB/D. A
ban on recreational fuel use could result in a maximum o0il savings
of 90 MB/D if it is assumed that a non-fuel-consuming activity is
substituted for these recreational activities. Because this 1is a
highly unlikely assumption, the estimate of fuel savings was re-
duced by 30 to 50 percent (30 MB/D). It is clear that the total
fuel savings from a ban on recreational fuel use is relatively
small.

Planning of Trips (Logistics and Night Delivery)

Fuel used by light and medium trucks and vans in the delivery
and service industries can be reduced through route planning, trip
consolidation, and night deliveries to avoid traffic congestion.
No estimate of 0il savings is available for these measures.

Regulation of the Trucking Industry

Fuel savings which can be realized in the trucking industry
during a short-term supply emergency are relatively small. Con-
servation measures achieved through trucking deregulation may re-
quire months or years to implement. Therefore, no quantification
of fuel savings is provided for the scenarios based upon a starting
date of January 1, 1981. In the longer term, however, efficiency
improvements in trucking can be achieved through:

e Adoption of a standard legal length for interstate highways
that will permit use of double-bottom trailers

e Adoption of a standard maximum gross vehicle weight for
interstate highways that is consistent with bridge strength
and the double-bottom trailer configuration

e Further regulatory reform along the 1lines of the Motor
Carrier Act of 1980.

Two to four years after beginning implementation, the savings
in freight truck diesel fuel could reach 100 MB/D from the combined
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efficiency gains of the first two items listed above. The savings
buildup will be slow because a fleet of double-bottom trailers must
be built and parking/storage yards must be built along interstate
highways to facilitate 1local delivery and pickup. The last item
listed above could (after an adjustment period) lead to more effi-
cient fuel use by reducing the number of empty-truck miles (esti-
mated to be 20 percent of total truck miles), allowing more direct
routing and facilitating intermodal shipments. This savings could,
within two to three years, average 100 MB/D of diesel fuel.

Aviation Transportation

The average daily consumption of aviation fuels, including
aviation gasoline and aviation turbine fuels, is approximately 1.1
MMB/D, with most of the volume used to power commercial and mili-

tary aircraft. Commercial airlines rely almost solely on high
grade kerosine-based jet fuels, while the military consumes a
combination of kerosine and naphtha-based jet fuels. In 1980,

consumption of kerosine jet fuels averaged approximately 850 MB/D,
while the demand for naphtha-type jet fuels averaged 200 MB/D.
Relatively small volumes of aviation gasoline, averaging 35 MB/D,
are used for pleasure flying and commercial use.

Historically, commercial jet fuel consumption has been closely
linked to general economic activity. Slowed business activity, as
measured by the Gross National Product, tends to reduce the number
of business-related trips and, hence, the number of air miles trav-
eled. Similarly, a reduction in real per capita disposable income
results in fewer personal trips taken on commercial airlines. In
addition, the recent deregulation of the airline industry has re-
sulted in substantial improvements in aircraft efficiency through
changes in various flight operation patterns (e.g., reducing air-
craft weight) intended to reduce fuel consumption.

Several measures could be taken to further reduce the nation's
use of aviation fuels during a period of reduced supply. The im-
plementation of those measures, as reported in Table 12, could
result in oil savings of approximately 85 MB/D of jet fuel and 10
MB/D of aviation gasoline. In addition to these demand reduction
strategies, changes in jet fuel specifications could assist in
minimizing the impact of an o0il denial on consumers of aviation
fuels.

Increase in Airline Load Factors

The airline industry could reduce the number of low density
passenger flights, either voluntarily or by governmental directive.
An increase in the average seat load factor from the current 62
percent up to 70 to 75 percent is considered achievable and would
result in an oil savings of 70 to 100 MB/D.

Improvement of Flight Operations

Further emphasis on other airline operational improvements,
such as improved maintenance procedures, improved flight prepar-
ations, improved flight procedures, and ground taxi procedures,
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TABLE 12

Estimated 0il Savings: Aviation Transportation Sector*

(MB/D)
Aviation
Jet Fuel Gasoline
Strategies Winter Summer Winter Summer

B-1 Increase Airline Seat Load

Factor 85 85 - -
B-2 Elimination of Discretion-

ary General Aviation

Flights -- - 10 10
B-3 Voluntary Reduction of

Military Flights = ——c—cecee—o No Estimate Made-------
B-4 Relaxation of CAB Rules = = ——=——--- Minimal Impact---------
B-5 Flight Operation

Improvements =00 —e———ee- Minimal Impact---------

*Scenario balances were calculated as follows: for Scenarios
1, 1A, and 2, only Strategy B-1 was assumed to be implemented.
For Scenarios 3, 4A, 4B, and 4C, both Strategies B-1 and B-2 were
employed.

would probably not result in significant fuel savings beyond those
already planned. The airlines are now actively involved in many
programs of this nature in response to rapidly rising fuel prices.

Relaxation of Civil Aeronautics Board (CAB) Regulations

The effects on fuel consumption of further relaxation of CAB
regulations governing flight operations is difficult to quantify.
The recent deregulation of airline operations by the CAB has
already produced significant savings. For example, a recent CAB
energy assessment statement asserts that compared to prior restric-
tive policies, estimated fuel consumption should be 9 percent (65
MB/D) less under deregulation. It is commonly held that 1little
additional fuel <can be saved by further relaxation of the
regulations.

Elimination of Discretionary General Aviation Flights

Although it 1is not recommended, the mandatory elimination of
all general aviation pleasure flying could result in an aviation
gasoline savings of approximately 10 MB/D. Furthermore, the
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elimination of all general aviation flights would result in a
savings of approximately 50 MB/D of aviation turbine fuel and 30
MB/D of aviation gasoline. This would, however, be disruptive to
certain businesses and disastrous to others; it could also affect
emergency operations.

Voluntary Reductions of Military Flights

Requests for voluntary fuel usage reduction by the U.S. mili-
tary could result in some savings, but the amount of the savings is
difficult to quantify because of the lack of prior experience and
the fluctuating needs of the military based on the state of foreign
affairs. Based on 1980 consumption, a 10 percent savings would be
small, averaging 5 MB/D of kerosine-type jet fuel and 20 MB/D of
naphtha-based product.

Changes in Refinery Product Specifications

A significant means of improving the aviation turbine fuel
supply position during a shortage would be the manufacture of
turbine fuels to the full specification range. Industry-
manufactured turbine fuel in 1979 had a flash point of 130°F or
higher. Lowering the flash point to a level which would just meet
the current specification of 100°F for product delivered to the
customer would result in a 15 to 25 percent increase 1in turbine
fuel supply from the current suppliers (20 percent would “increase
supply by 170 MB/D). This would, however, reduce the availability
of motor gasoline.

Further relaxation of turbine fuel specifications, similar in
direction to the relaxed E-2 specs (ASTM) adopted on an emergency
basis during the 1973 embargo and which later became the standard,
could effect an increase in supply. The added supply quantity
would depend on the final approval specification. This is cur-
rently under study in National Aeronautics and Space Administration
(NASA)-funded projects and could be encouraged by future government
actions to be ready in the event of an emergency. Because of the
many specification variables, the savings cannot be quantified
until the final specification is developed. While these savings
could be significant, it should be noted that further flash point
reduction increases safety hazards; this area has to be approached
very carefully.

Electric Utility Sector

The total volume of energy consumed by electric utilities to
meet the base and peak load needs of electric consumers currently
averages 11.5 MMB/D COE. The predominant fuel used is coal, which
makes up about half of all utility input fuels. Hydro and nuclear
power each contribute about 12 percent, while natural gas and oil
meet remaining energy needs.

In 1980, the amount of oil used by electric utilities averaged

about 1,250 MB/D, including 1,100 MB/D of residual and 150 MB/D of
distillate fuel o0il. Residual fuel is used primarily under utility
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boilers to generate steam, while distillate is consumed in peaking
facilities (gas turbines and internal combustion engines). O0il use
has declined since it peaked in 1978 for two reasons: the con-
tinued rapid increase in the cost of oil-fired generation has made
long-distance transfer of coal-based power increasingly attractive;
and natural gas has become available in sufficient quantltles to
make up for a 51gn1f1cant portion of the cutbacks effected since
1972. These reductions in gas availability were, to a large ex-
tent, responsible for the increased oil use over the same period.

Despite the wide differential in generating costs, some utility
systems continue to rely on oil and natural gas because local en-
vironmental regulations inhibit the addition of coal or nuclear

units. Regional patterns of utility oil consumption are shown in
Table 13.
TABLE 13
1980 Regional Utility 0Oil Use¥*
(MB/D)
Region
PAD I 769
PAD II 141
PAD III 136
PAD IV 2
PAD V 200
Total U.S. 1,248

*U.S. o0il use has been disaggregated into consumption within
the five Petroleum Administration for Defense districts (PADs) as
defined by the Department of Energy.

Historically, the majority of utility oil use has been located
along the eastern seaboard where utilities had ready access to low
priced residual fuel il from Caribbean refiners. Continued reli-
ance on o0il in PAD I has resulted from delays in the scheduled
addition of nuclear units (caused by 1local opposition) and the
financial weakness of northeastern utility systems. In California,
stringent environmental regulations, combined with siting restric-
tions on new power plants, contribute to continued reliance on both
0oil and gas. Indeed, studies by the National Electric Reliability
Council (NERC) in late 1978 and May 1980 concluded that the areas
of California, Florida, New England, New Jersey, and southeastern
New York are particularly vulnerable to a curtailment of fuel oil
supplies due both to their reliance on o0il for power generation and
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to constraints on the electric transfer capability from non-oil
regions.12

Even without the implementation of the Fuel Use Act, which
prohibits the use of 0il in new power plants, the future construc-
tion of new oil-fired units is unlikely because of the high cost of
oil-fired generation. During the 1980's, the completion of nuclear
and coal-fired generating units will cause o0il use to decline as
older units are retired and the remaining units are increasingly
used to serve the cycling or intermediate load. The continued
availability of natural gas to electric utilities will also con-
tribute to a decline in o0il consumption. On the other hand, the
conversion of existing oil-fired units to coal is not expected to
contribute significantly to this decline due to environmental
restrictions and the high capital costs of conversion.

Although electric utility oil use comprises only 8 percent of
the total oil consumed in the United States, strategies aimed at
reducing o0il use can achieve relatively large o0il savings with
minimal economic or social impact because of the fuel switching
capability of the utility industry. These strategies and their
impact on utility o0il use are .shown in Table 14. During an oil
denial, the sole use of natural gas under utility boilers capable
of burning both o0il and gas and, to a lesser extent, increased
transfers of coal-fired electric power and accelerated nuclear
licensing are the primary strategies identified to displace oil
without affecting the nation's electric power supply.

Strategies which involve the mandatory reduction of o0il use by
electric utilities are not recommended. Because 01l serves as a
marginal source of supply for most utilities, its use fluctuates
with small changes in load demand or alternate source availability.
In addition, there is a minimum amount of o0il required for area
protection, plant startup, flame stabilization, and other nonsub-
stitutable uses. Therefore, mandatory restrictions on o0il use
could threaten the reliability and adequacy of a region's bulk
power supply.

0Oil-to-Gas Conversion

Conversion from o0il to natural gas in boilers capable of burn-
ing both fuels represents perhaps the most rapid and effective
strategy to reduce utility oil use. As a result of the Fuel Use
Act, utilities are prohibited from increasing their gas use above

12The National Electric Reliability Council was formed by the
electric utility industry in 1968 to promote the reliability and
adequacy of bulk power supply of the electric utility industry
systems in North America. NERC consists of nine regional councils
whose memberships comprise all electric utility systems in the
United States and the Canadian systems in Ontario, British
Columbia, Manitoba, New Brunswick, and Alberta. The geographic
boundaries of the NERC regions are shown in Figure 2.
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TABLE 14

Estimated 0il Savings: Electric Utilities*

(MB/D)
Residual Fuel 0Oil
Strategies Winter Summer
C-1 O0il-to-Gas Conversion 240 220
C-2 Increased Electricity Wheeling 30 30
C-3 Increased Electricity Imports 30 30
C-4 Voltage Reduction (5 Percent) 20 20
C-5 Emergency Demand Reduction
Program (5 Percent) 50 45
C-6 Nuclear Power 30 60
C-7 Increased Coal-Fired Generation --No Estimate Made--
T ¥Scenario balances were calculated as follows: for Scenarios

1, 1A, and 2, Strategies C-1 through C-3 were assumed to be imple-
mented. For Scenarios 3, 4A, 4B, and 4C, all strategies were
employed.

average consumption levels recorded between 1974 and 1978. How-
ever, because of depressed demand in other gas-consuming sectors,
substantial supplies of natural gas became available in 1979 for
electricity generation. In response, in cases where the use of
natural gas resulted in the displacement of distillate and low sul-
fur residual fuel o0il, "special interest" exemptions to the Fuel
Use Act were granted by DOE. Because of continued gas availabil-
ity, this program has been extended through November 30, 1981.
Provisions of the Fuel Use Act allow for further extensions of
exemptions as judged appropriate by DOE until June 30, 1985. It is
estimated that these exemptions resulted in the displacement of
approximately 300 MB/D of o0il during 1979 and 1980.

Approximately 97,000 megawatts of utility generating capacity
were originally designed to burn both o0il and gas. Table 15 shows
that these units consumed 700 MB/D of oil and 1,050 MB/D of natural
gas in 1978 (1979 data are not currently available on a plant-
specific basis). By far, PADs I and V burned the greatest volumes
of o0il, with primary consumption located in the states of Florida,
New York, New Jersey, and Virginia, each historically having access
to abundant supplies of low-valued residual o0il from Caribbean
refiners. Utilities in Louisiana and Arkansas (PAD III) have con-
sumed substantial quantities of o0il under dual-fired boilers when
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TABLE 15

0il Displacement Potential Under Dual-Fired Boilers

(MB/D COE)
(1) (2)
1979-1980 0il Estimated
1978 Fuel Use Displacment 1981 Fuel Use 0il
Region Total Gas 0il Achieved Reduction Savings*
PAD I 330 60 270 (100) (80) 90
PAD II 170 130 40 (10) (10) 20
PAD III 790 680 110 (90) (10) - 10
PAD IV 10 10 -- - - -
PAD V 450 170 280 (100) (50) 130
Total U.S. 1,750 1,050 700 (300) (150) 250

*Potential oil savings are computed by deducting from regional oil use in
1978 the estimates of o0il displacement already achieved (Column 1) and expected
reductions in demand for both o0il and gas (Column 2). Thus, the expected oil
savings for PAD I in 1981 represents 270 MB/D of o0il used in 1978 less 100 MB/D
of o0il displaced in 1979 and 1980 and 80 MB/D of o0il which will not be used
because of lower electrical demand or the planned replacement of oil by coal or
nuclear power.

gas was not available. PAD V includes fuel use by California
utilities only (which rely almost solely on oil and gas for steam-
electric generation).

If sufficient supplies of natural gas were available, an upper
bound for the o0il reduction possible during an oil shortfall would
therefore be 700 MB/D. However, a more realistic estimate is much
lower, limited by the extent to which:

e The utilization of dual-fired units is reduced by the avail-
ability of power from new coal and nuclear units

@ Natural gas has already displaced oil during the 1979-1980
gas "surplus."

During 1981, the utilization of o0il-, gas-, and dual-fired
generating units is projected to decline as generation from exist-
ing nuclear reactors increases and new coal-fired units enter com-
mercial service. With reduced use of dual-fired plants, the total
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fuel requirements of these units are expected to decline. 1In esti-
mating this reduction, it is assumed that the combined decline in
utility oil and gas consumption between 1978 and 1981, shown in the
consensus forecast, would be shared equally by all oil- and gas-
burning facilities, based upon their 1978 use. Thus, approximately
half the 310 MB/D decline in o0il and gas demand should result from
reduced requirements by dual-fired units. Lower total fuel con-
sumption among these units reduces the o0il displacement potential
of natural gas. As noted previously, natural gas had already
displaced 300 MB/D of o0il in 1979 and 1980 through "special in-
terest" exemptions of the Fuel Use Act. Table 15 shows that these
two factors combine to reduce estimated o0il savings from 700 MB/D
COE to approximately 250 MB/D COE.13

Conversion of oil-fired units to coal has been suggested as
another fuel conversion strategy to reduce utility oil use quickly.
Legislation providing for the mandatory conversion of coal-capable
units was passed by the Senate in 1980 and may be reconsidered by
the 97th Congress in 1981. A number of obstacles to a conversion
program have been identified, including stringent environmental
standards, the availability of capital funds needed to make the
conversions, the age of generating units, and the ability to
store/handle coal volumes at the plant. In the near term, however,
the time required to make those technically feasible conversions
limits the importance of coal-to-o0il conversions under emergency
conditions.

Increased Electricity Wheeling

Electric wheeling, or the transfer of power through the
national electric power grid, represents an immediate supply re-
sponse to an emergency oil shortage. In effect, wheeling allows
power suppliers to substitute domestic fuels used in the generation
of electricity (coal, nuclear, and hydropower) for oil with minimal
disruption to consumers. In evaluating potential oil savings, how-
ever, it should be récognized that the existing power system is
highly interconnected and that extensive power exchanges now occur
to achieve greater reliability and to minimize utility oil use.
The potential for increasing electricity transfers is difficult to

13The estimate is considerably lower than a similar American
Gas Association (AGA) estimate of "Category 1" or the immediate gas
substitution potential of utility power plants. 1In a recent paper,
the AGA suggests that 600 MB/D of residual fuel o0il could be saved
(above those volumes already displaced in 1979 and 1980) by sub-
stituting natural gas in dual-fired boilers. Although the differ-
ence in these estimates cannot be fully reconciled, it is believed
the AGA data represent a maximum substitution capability irrespec-
tive of electric generating needs. The estimates provided in this
report reflect the planned addition of coal and nuclear units and
a negligible growth in electricity use during 1981. These two fac-
tors will cause utilities to reduce their use of both o0il and
natural gas. As a result, achievable o0il savings are shown to be
less than the installed capability of dual-fired units.
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estimate because transmission capacity and load diversity limit the
industry's ability to wheel power. However, based upon a compari-
son of reported emergency transfer capabilities and normal 1load
flows during 1979, it is estimated that a maximum of 30 MB/D of oil
could be displaced by additional power transfers.

The chief vehicles for the interchange of power are power
pools, formal organizations established by two or more utilities
to improve service reliability through joint planning and opera-
tion. 1Individual utilities and power pools are combined into nine
regional reliability councils (shown in Figure 2) which coordinate
system planning and utilization. Power pooling allows utilities to
take advantage of load diversity; that is, peak loads in different
systems may occur at different times, so that power can be provided
by neighboring systems when generating facilities in the neighbor-
ing system are not fully utilized. If the diversity 1is 1large
enough and is expected to endure, interchange agreements, or sched-
uled transfers, are made for the period of expected load diversity.
In addition to scheduled transfers, power pooling allows utilities
to "economically dispatch" generating facilities in order of in-
creasing variable operating costs. This means, for example, that
one utility can operate its base load nuclear or coal unit longer,
thereby allowing a neighboring utility to reduce its use of more
expensive oil-fired units.

The potential for increased interchange among utility systems
to further reduce o0il use 1is unclear. Because of the inter-
dependence of transmission lines and the dispersion of lines and
equipment throughout the entire service area, 1line capacities
cannot easily be determined. In addition to voltage levels, many
factors affect transmission capacity, including the number of
conductors, conductor size and type, length of 1line, terminal
facilities (transformers, circuit breakers, etc.), characteristics
of the network in which the line is placed, and allowable voltage
differences between line terminals.

Emergency power transfer capability, the total amount of power
which can be scheduled for interregional transfers (above the net
contracted purchases and sales), is reported by the nine regional
reliability councils for the current year (see Table 16). This
transfer capability is required to handle such unexpected events
as large scale loss of generating capacity, transmission system
accidents, and unforeseen increases in demand. Emergency transfer
capabilities, however, are not good indicators of incremental power
wheeling potential for two reasons: they represent transfer capac-
ities that can be sustained over only short periods of time (gener-
ally several days), and transfers to any one council (or from one
council) are not simultaneous. Individual capabilities reported in
Table 16 are not additive because the circuit conditions under
which power 1is transferred differ for each individual transfer.
For example, the maximum emergency power that the Southeastern
Electric Reliability Council (SERC) could receive from the East
Central Area Reliability Council (ECAR) and the Southwest Power
Pool (SPP) together is less than the sum of the individual power
transfer capabilities of the latter two regions.
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TABLE 16

Inter-Council Emergency Transfer Capability
As Reported April 1, 1980
By the Regional Reliability Councils

Emergency Transfer

Direction of Power Flow¥* Capability (Megawatts)t
From To Summer 1979
ECAR MAAC 3,300
ECAR NPCC (NYPP) 2,200
ECAR MAIN 2,340
ECAR SERC (TVA) 1,800
ECAR SERC (VACAR) 1, 250
NPCC (NYPP) ECAR 3,300
NPCC MAAC 2,250
MAIN ECAR 4,000
MAIN MARCA 1,000
MAIN SERC (TVA) 750
MAIN SPP 2,000
MAAC ECAR 2,450
MAAC NPCC 1,650
MAAC SERC (VACAR) 1,800
MARCA MAIN 600
MARCA WSCC 100
MARCA SPP 7008
SERC (TVA) ECAR 2,000
SERC (VACAR) ECAR 2,700
SERC (VACAR) MAAC 2,000
SERC MAIN 1,100
SERC SPP 1,550
SPP SERC (TVA) 2,650
SPP MARCA 800
SPP MAIN 2,000
WSCC MARCA : 100
WSCC (U.S.) WSCC (Canada) 2,000
WSCC (Canada) WSCC (U.S.) 2,000

*See Figure 2 for definition of acronyms.

tAll transfers to a Council (or from a Council) are not
simultaneous. The total of all transfers to a Council (or from a
Council) does not represent the total emergency power actually
transferable because circuit conditions are different for each
individual transfer.

§Total of scheduled and emergency capability.
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Estimates of o0il displaced through wheeling are based upon
actual flows between major power pools, reported weekly to DOE's
Power Supply and Reliability Division. The Department of Energy
surveys utilities in 10 eastern power pools, the Mid-Continent Area
Reliability Coordination Agreement (MARCA), and subregions within
the Western Systems Coordinating Council (WSCC). The objective of
the survey is to measure the volume of o0il displaced through each
of the three strategies: electricity imports, electricity trans-
fers, and incremental natural gas usage. Daily consumption of oil
by reporting utilities comprises approximately 89 percent of the
total o0il used by electric utilities. Although they are only rough
measures of non-emergency transfer capability, the DOE data do
demonstrate that power pooling is currently used by utilities to
reduce oil use by approximately 300 to 350 MB/D. Oil displacement
in 1980 appears to have increased over 1979 levels by 50 MB/D.

In addition, industry analyses of the effectiveness of the
utility industry in conserving oil through electricity transfers
show that approximately 300 to 400 MB/D of o0il is currently being
displaced and that an additional 30 MB/D may be saved during an
0il denial. Additional savings are constrained by transmission
capabilities and practical limitations on load dispatch techniques.

While o0il savings resulting from electricity transfers have
risen to about 350 MB/D, barriers standing in the way of increased
transfers may be difficult to remove; examples are rate-setting
procedures by state regulatory commissions which discourage out-of-
state power transfers, state "export taxes," and other differential
pricing practices. The o0il displacement potential of these addi-
tional transfers cannot be quantified. It is recommended, however,
that state regulatory commissions establish mechanisms to coordi-
nate regional power planning and to encourage multistate pooling,
particularly during emergency conditions.

Increased Canadian Electricity Imports

Because the cost of Canadian generation (primarily from hydro-
electric and coal plants) is lower than the cost of domestic oil-
fired electricity, much of the available Canadian electricity is
now being imported. 1In 1979, Canada exported 30 billion kilowatt-
hours of electricity, or 150 MB/D COE to U.S. markets. Pr imary
sources of Canadian power include the New Brunswick Electric Power
Commission (to Maine), Quebec Hydro (to New York), Ontario Hydro
(to Michigan and New York), Manitoba Hydro (to North and South
Dakota), and British Columbia (to the Pacific Coast states). In
the near term, increased Canadian imports offer some potential for

0oil displacement. However, the ability to import additional
Canadian power is limited by the availability of power supply and,
to a lesser extent, transmission 1line capabilities. These two

factors combine to restrict an expected increase in Canadian
imports to 5 to 7 billion kilowatt-hours, or an additional oil
displacement of 25 to 35 MB/D COE.

Although several Canadian utilities are now investigating the
possibility of increasing power transfers to the United States,
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large increases in power imports could not begin until 1987, the
earliest that new transmission lines could be completed.

The potential for increasing Mexican imports in the near term
is constrained by the need to build more inter-ties and uncertainty
about 1load diversity. Only marginal oil displacement could be
expected from Mexican power transfers.

Five Percent Reduction in Service Voltage

Utilities deliver electricity to their customers at approxi-
mately 115 volts, a level at which most appliances operate with
greatest efficiency. However, in order to assure customers at the
end of a distribution line at least 114 volts (the minimum voltage
limit used by the appliance manufacturing industry), customers near
the front often receive as much as 126 volts. Depending on the
type of appliance, recent Electric Power Research Institute (EPRI)
studies show that narrowing this range could result in total energy
savings of 1.0 to 1.5 percent for each percent reduction in voltage
without a significant change in service quality. In addition, a
reduction in maximum voltage lengthens the operating lifetime of
many appliances.

In 1977, California utilities were ordered to cut maximum volt-
age to 122, provided that no new equipment would be required by the
reduction. An estimated 9 MB/D of oil was saved by this change.
To date, discussions have centered around a reduction of maximum
service voltage from 126 to 120 (a 5 percent reduction) without
reducing the minimum voltage levels. Given this voltage drop, a
maximum of 50 MB/D of o0il could be saved.

Achievable o0il reductions, however, are lower for several
reasons:

e Utilities have attempted voltage range reduction on feeders
that are not voltage limited. If feeders are at present
voltage limited or become voltage limited because of these
reductions, additional equipment in the form of regulators,
capacitors, or larger conductors will be required to main-
tain minimum specified service voltage. This would require
large expenditures by utilities and would reduce the imme-
diate o0il savings potential of the voltage reduction.

e It 1is considerably more difficult to narrow the voltage
range on older systems, particularly in rural areas.

® Some loads, such as air conditioning at certain ambient tem-
peratures and humidity levels, increase energy consumption
as voltage is reduced. Because the effectiveness of voltage
reduction for all utility systems is doubtful, the oil sav-
ings which may actually be achieved are less than the maxi-
mum estimate shown above. At best, o0il displacement would
be small, averaging less than 20 MB/D.
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Emergency Electricity Demand Reductions -- The Los Angeles
Experiences?

When the o0il embargo of 1973-1974 was imposed, over half the
electricity generation for the city of Los Angeles came from o0il,
and because the low sulfur o0il needed to meet pollution require-
ments was in short supply, prospects for meeting normal demands
were poor. After reviewing possible alternatives (such as burning
high sulfur fuel, curtailment of business activities to 50 hours
per week, and rolling blackouts) and after consulting with a broad
representation of consumer groups, the Mayor and the City Council
on December 13, 1973, passed a rationing scheme, "The Emergency
Energy Curtailment Plan of the City of Los Angeles." Under Phase I
of the plan, residential and industrial customers were required to
cut energy use by 10 percent and commercial customers by 20 percent
below the corresponding billing period a year before. Under Phase
II, residential use was restricted to 12 percent, industrial to 16
percent, and commercial use to 33 percent below that of the corres-
ponding billing period. The penalty for excess use was a surcharge
of 50 percent of the entire bill for the first period violation and
cutoff of service for subsequent violations. As originally en-
acted, the ordinance had no provision for averaging between two
billing periods if consumption in one period was out of line. A
later amendment to the ordinance permitted averaging.

Response was rapid, and in the first 11 days electricity gen-
eration fell about 15 percent compared to the same period in 1972.
The reduction was considered so significant that Phase II was never
invoked. Enforcement of penalties was also postponed, and the
ordinance was suspended on May 22, 1974. Table 17 is a summary of
the results.

Several conclusions can be drawn from the results of the
program:

e This ordinance seems to have a lasting effect on the pattern
of consumption, leading to a slower rate of growth.

e The basic provisions for relying on a rate surcharge based
on historical consumption could be applied to other public
utility commissions in most states.

e The large overall reduction in Los Angeles is probably not
completely transferable to other utilities as their customer

l4This section describes the results of a study on the emer-
gency demand reduction program implemented in Los Angeles during
the Arab o0il embargo of 1973-1974. Additional details of this
study may be found in "Regulatory Rationing of Electricity Under a
Supply Curtailment," Jan Paul Acton and Ragnhild Mowill, Land Eco-
nomics, November 1976.
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mix is different from the national average; i.e., 50 percent
commercial sales in Los Angeles vs. 38 percent nationally.

® The slower growth of electricity sales nationally since this
emergency period indicates that the attainment of the Los
Angeles reduction levels will be more difficult.

e The ordinance does create a significant administrative bur-
den which would have been even higher if the penalties had
actually been levied.

TABLE 17

Summary of Curtailment Targets and
Observed Reduction in Electrical Sales by Sector
(January through May 1974)

Target Reduction Average Actual Average Reduction

(Phase 1 of Reduction Over in Excess of

Ordinance) Preceding Year Predicted Use*
Sector (%) (%) (%)
Residential 10 17 9
Commercial 20 27 31
Industrial 10 4 8
Total 12 19 22

*The predicting equation implied that price and daylight hours
were significant for residential customers only. Most commercial
establishments met their reduction goals with only changes in
lighting.

Nuclear Power

Several actions have been suggested by the electric utility
industry to increase the production of electricity from new and
existing nuclear reactors during an oil denial period. 0il savings
resulting from the implementation of these actions are estimated to
average 30 MB/D during a six-month curtailment and 60 MB/D during a
12-month period. This expected level of savings is limited by two
factors: while nuclear power directly displaces oil-fired genera-
tion in oil-dependent regions of the country, o0il savings in coal-
dominant areas may be negligible; and the consensus forecast for
nuclear power in 1981 represents a return to relatively normal

77



levels of plant availability15 and the commercial operation of
three recently licensed reactor units (Salem-2, Sequoyah-1, and
North Anna-2) during the year. Estimated oil savings from nuclear
power are based upon the ability to increase nuclear generation
above that already anticipated.

There are some additional strategies which could increase o0il
displacement by nuclear power during an emergency period; these are
described in the following sections. However, it should be noted
that because of continuing concerns in some quarters regarding
nuclear safety, the implementation of these strategies will be
difficult.

® Accelerating the Licensing of Nuclear Units Nearing Comple-
tion. The Edison Electric Institute has 1identified six
nuclear units (in addition to the three units named above)
which could achieve full power operation in early 1981 if
full power operating licenses are granted by the NRC (see
Table 18).

Under the Atomic Energy Act, the NRC is required to hold a
public hearing, if requested, before issuing an operating
license to a nuclear unit. To expedite this process during
an emergency period, the NRC might be authorized to grant
"interim" operating licenses to speed up the process.

Direct o0il savings from the accelerated addition of nuclear
reactor units can occur only if the operating utility is
located in an oil-dependent region. This requirement ex-
cludes three of the six units listed above: McGuire-1 (Duke
Power); Farley-2 (Alabama Power); and Sequoyah-1 (TVA).
Moreover, due to the design of nuclear units, they must be
operated continuously and thus are committed to base load
service. Even if utilities operating these new reactors
consume o0il, they may not be able to displace that oil if it
is consumed in facilities which serve the peaking or cycling
load. Given this additional requirement, it is estimated
that the maximum amount of oil which can be displaced by the
addition of the six units identified by Edison Electric
Institute is 30 to 60 MB/D.

151n 1978, U.S. nuclear reactors produced 276 Dbillion
kilowatt-hours of electricity. Nuclear generation fell to 255 bil-
lion kilowatt-hours in 1979, however, following the incident at
Three Mile 1Island (TMI) and the subsequent series of Nuclear
Regulatory Commission (NRC)-ordered reactor shutdowns. The unavail-
ability of nuclear units during 1979 and 1980 reduced their utiliz-
ation to less than 58 percent, down from the 65 percent considered
normal for the industry. (Because nuclear electricity is, on aver-
age, cheaper than coal-fired generation, nuclear units are used as
much as possible to meet the continuous or base 1load.) Nuclear
units were shut down by the NRC for safety evaluations and equip-
ment modifications recommended from studies of TMI. In addition to
TMI Units 1 and 2, two other reactors were also permanently closed
down during 1979.
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TABLE 18

Nuclear Units Which Could Achieve Full Power Operation Early in 1981

Rating
(Mega- NERC Region
Unit Name/No. watts) (Subregion)* Remarkst
Diablo Canyon-1 1,084 WSCC (N. Cal.) Construction completed 1/80. Operat-
ing license expected 3/81.
McGuire-1 1,080 SERC (VACAR) Construction expected to be completed
12/80. Low power license 4/81.
Farley-2 807 SERC (Southern) Undergoing low power testing and
fuel-loading.
LaSalle-1 1,048 MAIN Construction expected to be completed
12/80. Low power license expected
3/81.
Summer-1 900 SERC (VACAR) Construction expected to be completed
6/81 -- 95% complete.
Sequoyah-2 1,148 SERC (TVA) Construction expected to be completed
6/81 -- 90% complete.

*See Figure 2 for definition of acronyms.
tFrom "Electric Utility Status Report," Electric Power Monitoring Center,
November 20, 1980.

@ Allowing Three ‘Mile Island Unit 1 (TMI-1) to Resume Commer-
cial Operation. According to utility experts, TMI-1 could
be operated safely at its rated capacity of 776 megawatts.
As a result of the accident at TMI-2, Unit 1 was shut down
in March 1979. To return the unit to commercial service
during the o0il curtailment scenarios, special hearings
required prior to restart would have to be accelerated.
TMI-1 could displace approximately 20 MB/D of o0il if re-
turned to service, although this is not assumed in this
analysis.

® Maximizing the Use of Existing Nuclear Units. During an oil
denlal period, the NRC may be required to defer regulatory
action which could cause existing plants to shut down or
reduce power. For example, the NRC is currently implement-
ing the second phase of the TMI "Lessons Learned" Action
Plan (NUREG-0660), a set of short-term measures to upgrade
reactor equipment and to train operators and other nuclear
plant personnel. In addition, the NRC has proposed addi-
tional safety modifications to all existing and planned
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nuclear plants following a June 1980 incident at the Ten-
nessee Valley Authority Brown's Ferry Unit 3, including the
installation of pressure valves, changes in the design of
the fuel core, and the addition of automatic features to
safety machines. A third uncertainty to the short-term
nuclear outlook 1is the requirement that all states have
approved NRC emergency evacuation plans by January 1, 1981.
Reactors in states without approved plans will be closed.
(However, these reactors could remain operational if the NRC
deemed that there was sufficient need for the plant's
power.)

Because these actions do not affect nuclear operations in

the 1981 consensus forecast, no estimate of o0il savings
resulting from their deferral was made.

Increased Coal-Fired Generation

Increasing electricity generated by coal to reduce the need for
oil-fired generation during an o0il denial has been recommended by
various industry analysts. To implement this strategy, the licens-
ing and startup of new coal-fired units located in oil-dependent
regions would have to be accelerated, and the utilization of coal
plants currently in commercial service would have to be increased.

In 1979, the average capacity factor of coal-fired plants was
55 percent. If increased to 65 percent during an oil curtailment,
an additional 185 billion kilowatt-hours of electricity could be
generated, displacing approximately 900 MB/D COE of oil. However,
several important constraints on increasing the wutilization of
coal-fired power plants exist which make this level of savings
literally impossible to achieve. These include technical limita-
tions on operating these units at very high levels, daily 1load
requirements which may not match the electricity supply, and
constraints on the ability to transfer coal-fired electricity to
oil-dependent regions.

Although the average capacity utilization in 1979 was 55
percent, the variance around this mean value is extremely large.
Some plants, used to meet the base or continuous load, operate at
between 60 and 65 percent of capacity, while older, less efficient
plants are used for the cycling or intermediate load and operate at
about 30 to 40 percent of their net capability. In order to
increase the average factor, base load plants would have to operate
at rates very near their availability factors (i.e., that portion
of the year that the units are capable of generating power after
consideration of downtime for maintenance and repair). Cycling
plants would also have to be used more intensively; however,
increased usage tends to reduce their reliability and, hence, their
availability. In addition, because of additional technological
features, newer base load units have reduced availability factors
(approximately 70 to 75 percent). Plant availability may be
increased by delaying normal operating and maintenance procedures
during an emergency or by bypassing non-essential equipment on the
units (such as flue gas desulfurization systems or cooling towers).
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This latter type of action would clearly require the relaxation of
federal and state air and water quality standards. The need to
increase plant availability should be evaluated against the
potential reduction in environmental quality which would result in
the process.

The second limitation on plant utilization, demand, is dif-
ficult to assess with available data. Since higher capacity
factors are achieved 1in part by operating generating plants 24
hours a day, consumers would be required to spread their daily
electrical usage to conform to its availability. The ability to
shift load to off-peak hours is somewhat limited, although peak
load pricing may be of use.

Most of the o0il used by utilities is located along the East
Coast and California. The ability to wheel power to these oil-

dependent regions was described and quantified earlier. Inter-
regional transmission facilities are now being loaded to near their
maximum potential to reduce the use of oil. As a result, the

ability of additional coal-fired electricity to displace oil is
limited to approximately 30 MB/D.

Because additional power transfers are constrained by capacity,
accelerating the addition of coal-fired units in oil-fired regions
would be effective in reducing o0il use. The Edison Electric Insti-
tute identified 11 units (shown 1in Table 19) whose expedited

TABLE 19

New Coal Plants Whose Licensing Could Be Expedited
During an 0Oil Denial

Scheduled
Rating Service NERC

Unit Name/No. (Megawatts) Date Region (Subregion)*
Sandow 4 545 4/81 ERCOT
Indian River 4 400 9/80 MAAC
Deerhaven 235 2/81 SERC (FL)
Roxboro 720 9/80 SERC (VACAR)
Nearman 1 235 10/80 SPP
Big Cajun 2-1 540 9/80 SPP
Northeastern 4 450 9/80 SPP
Sooner 2 515 10/80 SPP
Big Cajun 2-2 540 12/80 SPP
White Bluff 2 740 5/81 SPP
Grand River Dam

Authority 490 5/81 SPP

5,410

*See Figure 2 for definition of acronyms.
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licensing during an oil denial could result in oil savings. How-
ever, because these units have been included in the consensus
forecast, an estimate of incremental oil savings resulting from
their addition to the grid was not made.

Residential Sector

During 1980, the total energy requirements of residential
housing units averaged approximately 5 MMB/D. Most of the energy
in this sector is used for space and water heating, while smaller
volumes are used for air conditioning, 1lighting, cooking, and
refrigeration (see Table 20).

TABLE 20

Residential Energy End-Use Patterns
(Percentage)

Space Heating

Water Heating

Air Conditioning
Cooking

Lighting
Refrigeration/Freezing
Other

=W,
(S2REN Be) U, I GO, RN

Total 10

o
oo

Several factors contribute to the overall level of residential
energy use. In the long run, the number of households is a key
indicator because it roughly approximates the total number of
energy-consuming housing units. However, energy use per household,
a measure of residential energy conservation, has declined steadily
over the last decade as consumers have responded to real increases
in energy prices. A continued decline in per-household energy
consumption is expected as the stock of energy-consuming equipment
becomes more efficient.

In the short run, however, residential energy use reflects
variations in weather conditions as well as immediate responses to
sudden price changes. For example, many residential consumers
reacted to the Iranian supply disruption of 1979 by lowering
thermostats in the winter and adding insulation to their homes.
Another denial period will 1likely lead to further reductions in
residential energy use, although the magnitude of this reduction
may not be as great. :

Oil comprises less than a third of the total energy consumed
inthe residential sector, or approximately 1.5 MMB/D. Virtually
all oil is used in space and water heating applications, including
the use of distillate fuel o0il, kerosine, and propane. The con-
sumption of o0il for residential heating has declined since 1976
due to price-induced conservation and the use of natural gas or
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electricity in place of o0il in new homes. Recent data show that
this trend has accelerated since 1979.

The strategies identified to reduce o0il use in the residential
sector are shown in Table 21. Total energy savings during an oil
denial period are shown for the winter and summer months; the
seasonal differential reflects the various end-use activities
(e.g., space heating vs. space cooling) and attendant fuel require-
ments associated with the two periods.

TABLE 21

Estimated Energy Savings: Residential*

(MB/D) ¢
Distillate
Fuel Oil Natural Gas Electricity
Strategies Winter Summer Winter Summer Winter Summer
D-1 Thermostat Management 15 - 30 - 10 20
D-2 Weather Stripping 5 -- 10 -- 5 -
D-3 Insulation 15 - - - - -
D-4 Maintenance 15 - 30 -- 10 --
D-5 Water Heating
Insulation 10 10 45 45 5 5
Thermostat Setting 5 5 5 5 -- -
Flow Limiters 20 20 40 40 10 10

*In calculating scenario balances, Strategies D-1, D-2, D-4, and D-5 were
assumed to be implemented for Scenarios 1, 1A, and 2. For Scenarios 3, 4A, 4B,
and 4C, all strategies were employed.

tEstimates of distillate fuel oil are reported in thousands of daily prod-
uct barrels. Natural gas and electricity volumes were converted from physical
units to crude oil equivalent barrels using 5.8 million Btu per barrel of crude
oil.

Because the decline in residential o0il use 1is expected to
continue, additional o0il savings resulting from the implementation
of these strategies will be small. Additionally, the adoption of
these various conservation practices is likely to affect not only
0il, but other residential fuels.

Reduction of Thermostat Setting (Winter)

Reducing the thermostat setting will result in an average
savings of 1 percent for each degree that the setting is lowered
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from 72°F. Actual savings vary depending on the geographic region,
the severity of the winter, and the condition of the housing unit.

A recent Opinion Research Corporation study found that 79 per-
cent of American homeowners lowered their winter thermostat set-
tings in 1979. Additional education and a real/recognized state of
emergency would probably lead to.- further reductions of settings.
Furthermore, additional efforts could result in thermostat timer
installations, a 4°F to 5°F nighttime setback, additional setbacks
when the homes are not occupied, and further daytime setbacks for
occupied homes. With a concerted effort, it would be possible to
achieve the equivalent of an additional 2°F setback in 50 percent
of the homes, yielding winter savings of 31 MB/D COE of natural
gas, 13 MB/D COE of fuel o0il, and 9 MB/D COE of electricity.

Raising of Thermostat Setting (Summer)

Approximately 2 percent of the energy used for air conditioning
can be saved for each 1°F that the thermostat setting is raised.
It is estimated that 50 percent of the homes have already increased
their thermostat settings and that another 20 percent never will.
If the remaining 30 percent were to increase their settings by 5°F
and the 50 percent who have changed would move up an additional
1°F, the savings would be about 4.5 percent of the energy used for
air conditioning, resulting in savings of 11 MB/D COE. These sav-
ings occur in the summer only and only affect electricity
consumption.

Additional Weather Stripping

In the early 1970's it was estimated that about 20 million
existing one- and two-unit homes were candidates for retrofit attic
insulation, storm or thermopane windows, or weather stripping. A
recent DOE publication estimates that between April 1977 and
December 1978, 10 million homes received weather stripping, 17
million homes were caulked, and 7.3 million homes received addi-
tional insulation. This same study suggests that in early 1979
there were about 15 million wunits that could benefit from
additional insulation. About three million of these units heat
with oil.

An Opinion Research Corporation study found that 55 percent of
American homes had received weather stripping or were caulked in
late 1979 and that 31 percent had received additional insulation.
With this background, it is estimated that there are 10 million
units that could benefit from weather stripping/caulking and that
there are 12 to 15 million that could benefit from insulation.
Weather stripping, caulking, and plugging leaks will reduce space
heating energy needs by about 5 percent in the 10 million units in
need of such measures. This equates to about 17 MB/D COE. The
summer estimate for air conditioning savings is 2 MB/D COE.
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Improved Insulation

It would be impossible to insulate the 12 to 15 million defi-
cient homes in the time frame of the scenarios. However, a con-
certed effort involving government and industry 1in a «crisis
situation could insulate 50 percent of the three million deficient

oil-heated homes. This would reduce their o0il needs for space
heating by 8 to 10 percent and would yield nearly a 1 percent
reduction in fuel o0il and kerosine use for home heating. Daily

winter savings of fuel oil/kerosine in these 1.5 million homes
would be about 13 MB/D.

Equipment Maintenance

Maintenance of air conditioning and space heating units can
increase their efficiencies by about 5 percent. Many heating and
air conditioning units are already being properly maintained or are
new; their efficiencies would therefore not be improved by mainte-
nance attention. If the efficiencies of 40 percent of all heating
units were improved by 5 percent, the savings would average 56 MB/D
COE (winter).

Proper maintenance of air conditioning units is practiced by
nearly all the owners of centrally air conditioned homes (over 50
percent of the air conditioning total). The remaining room air
conditioning units will not only benefit less from maintenance but
are less likely to receive it. These savings are considered to be
extremely small and have not been quantified.

Additional Insulation of Water Heating Unit

Most water heaters (60 percent) use natural gas, while 12 per-
cent are oil fired and 28 percent are electric. Increasing insu-
lation from the usual 1 inch to 5 inches on an o0il or gas water
heating unit will improve efficiency by 20 percent. The conven-
tional electric unit has 2 inches; adding insulation to a total of
5 to 6 inches improves efficiency by only 6 percent. Assuming that
half of the 60 million water heaters in the United States can be
insulated, a total energy savings of 60 MB/D COE can be achieved:
45 MB/D COE of natural gas, 9 MB/D COE of o0il, and 6 MB/D COE of
electricity.

Reduction of Water Heating Thermostat Setting

Lowering the thermostat setting by 10°F will reduce energy use
by about 5 percent for the typical gas or oil heater and about 3
percent for electric heaters. If the tank is properly insulated (5
to 6 inches), the savings is 1 percent for each 10°F regardless of
heater type. A recent survey indicates that about 50 percent of
the homeowners in the United States have lowered their water heater
thermostat settings as of late 1979. Additional participation and
further lowering of already reduced settings can be expected.
Assuming that 80 percent of those who have already reduced settings
will lower them 10°F more and that 40 percent of those who have not
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lowered settings will lower them 20°F, an average thermostat set-
ting reduction of 8°F will be realized. 1If half these reductions
occur in 5- to 6-inch insulated units and half in typical units,
the percentage savings would be about 1.5 percent, or 11 MB/D COE.

Use of Water Heating Flow Limiters

Water flow limiters can save energy when placed in spigots,
shower heads, etc., where water flow quantity can be reduced with-
out decreasing the flow's effectiveness. This basically restricts
the flow limiter's utility to showers. Assuming that the limiter
reduces shower flow from 6 gallons per minute to 3 gallons per
minute, a hot water savings of 70 MB/D COE can be achieved: 42

MB/D COE of natural gas, 8 MB/D COE of oil, and 19 MB/D COE of
electricity.

Other actions which can save hot water include washing clothes
in cold water whenever possible, fixing leaking faucets, and run-
ning only full loads in dish and clothes washers. No estimate of
their energy saving potential is provided.

Additional Measures

Reduced lighting, energy-conscious appliance use (dishwashers,
dryers), and adjustment of freezer/refrigerator temperatures are
other measures that can save energy. Most save electricity and
many are already being done by a majority of people.

Commercial Sector

Commercial buildings include not only nonmanufacturing business
establishments and office buildings but also schools, hospitals,
and other similar institutions. In 1980, the commercial sector
consumed approximately 3 MMB/D COE in such end-use activities as
space heating and cooling, water heating, and lighting. The dis-
tribution of activities is displayed in Table 22.

TABLE 22

Commercial Sector End-Use Activities
(Percentage)

Space Heating 52
Air Conditioning 12
Water Heating 12
Refrigeration 5
Lighting 13
Other _ 6

Total 100¢
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Most of the space heating and water heating energy requirements
are met by natural gas. 0il, primarily residual fuel o0il, is the
source of the remaining energy needs for this end-use activity. 1In
1980, o0il used by commercial establishments is estimated to have
averaged 500 MB/D.

Table 23 1lists the strategies which can be used to reduce
energy consumption in this sector. As with the residential sector,
the implementation of these strategies will yield savings of all
fuels used by commercial consumers. Because of the relatively
greater use of natural gas in the commercial sector, more natural
gas will be displaced than oil or electricity. Consequently, these
supplies will be available to further reduce o0il use by other
sectors, such as industry or electric utilities.

TABLE 23

Estimated Energy Savings: Commercial¥

(MB/D)
Oil+t Natural Gas Electricity
Strategies Winter Summer Winter Summer Winter Summer
E-1 Thermostat Management 35 -- 85 5 -- 15
E-2 Ventilation 15 -- 35 -= - 5
E-3 Maintenance 15 -- 35 -- -- 10
E-4 Water Heating --
Insulation -- -- 5 5 -- -
E-4 Water Heating --
Thermostat Setting - ---------------c--—- Less Than 5--------------------
E-5 Lighting Reductions
Decorative -- -- - -- 30 30
Task Lighting - - -- -- 5 5
E-6 Close Schools During
Winter Months = ---------------——- No Estimate Made-----------------
E-7 Fuel Switching = =  ----------c-u----- No Estimate Made-----------=—-----

*In calculating all scenario balances, Strategies E-1 through E-5 were
assumed to be implemented.

t0il savings are reported in thousands of daily product barrels and are
comprised of 25 percent distillate and 75 percent residual fuel oil. Natural
gas and electricity volumes were converted from physical units to crude oil
equivalent barrels, using 5.8 million Btu per barrel of crude oil.
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Because of the seasonal nature of energy use in the commercial
sector, savings are estimated for both the winter and summer sea-
sons. These differences reflect seasonal patterns of end uses and
the fuel consumption associated with each.

The analysis takes into account the fact that, due to price
increases and government efforts to encourage conservation in this
sector, many conservation measures have already been implemented.
Furthermore, the strategies identified in Table 23 are easily and
quickly accomplished and can therefore be implemented within 180
days; for this reason, all strategies are included 1in the
scenarios.

Thermostat Management

Previous sources indicated that 8 to 10 percent of space con-
ditioning energy could be saved by reducing thermostat settings to
68°F in the winter and raising them to 78°F in the summer. How-
ever, at least half of this potential has already been achieved and
the realization of another 20 percent is considered doubtful. Thus,
an additional savings of 60 MB/D COE for an average day is achiev-
able. Winter savings are estimated to average 120 MB/D COE, of
which 30 percent is oil.

Reduced Ventilation

This measure can reduce space conditioning energy requirements
by 5 to 8 percent in o0ld buildings. The potential may be as high
as 200 MB/D COE; however, implementation is more difficult than for

thermostat management and fewer savings are expected. Additional
average daily savings from reduced ventilation during oil denial is
no greater than 25 MB/D COE.

In winter, savings are somewhat higher, averaging 50 MB/D COE,
30 percent of which is o0il. The implementation time required will
range from a few days to a month.

Improved Maintenance

A high proportion of commercial structures (schools, office
buildings, stores, hospitals, hotels, and others) could save some
energy through better maintenance of furnaces and air condition-
ing wunits. A lower proportion could benefit from improved
weatherization.

The savings achievable through improved (proper) maintenance is
about 5 percent for both space heating and air conditioning. It is
estimated that about 30 percent of the sector's buildings could
benefit and that about 50 percent of these would respond to an
urgent call to conserve, as would occur in the scenarios. Thus,
the average daily savings would be 15 MB/D COE.

A weatherization program (caulking, etc.) could save about 5

percent in those structures that would benefit (approximately 25
percent of the total). Assuming that half of these structures are
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weatherized in an emergency, 12 MB/D COE can be saved. Winter
savings are higher. The combined effect of weatherization and
maintenance during the winter season is to reduce oil use 15 MB/D
COE and natural gas use about 35 MB/D COE.

More Efficient Water Heating -- Insulation

This activity consumes about 12 percent of the sector's energy.
About 70 percent of the water is heated with natural gas and about
30 percent with oil. The use of flow limiters, automatic spigot
shutoff devices, and insulation of hot water tanks and pipes can
reduce energy use by 10 to 20 percent. Of course, many such
systems have already had these conservation measures applied. A
concerted effort could result in an additional 15 percent of the
commercial systems' being improved by an average of 13 percent.
Under these assumptions, the savings would average 7 MB/D COE, 2
MB/D of which is oil and 5 MB/D natural gas.

More Efficient Water Heating -- Thermostat Setting

As discussed previously, the reduction of thermostat settings
results in a savings of about 1 percent for each 10°F reduction in
water temperature in a properly insulated system and is a rela-
tively easy measure to implement. Consequently, it is likely that
it has already been done in 75 percent of the locations where it is
feasible. Assuming that an additional 10 percent will reduce tem-
peratures 20°F and that half of the 75 percent will reduce tempera-
ture settings by an additional 10°F, the weighted average setting
reduction would be about 6°F. Estimated savings from this would be
2 MB/D of natural gas and 1 MB/D of oil.

Reduction of Decorative Lighting

Decorative lighting consumes about 13 percent of the commercial
sector's energy. If all decorative and outdoor 1lighting were
eliminated, energy consumed for 1lighting would be reduced by 7
percent, yielding an average savings of 27 MB/D COE of electricity.

Task Lighting and Reduction of Lighting Standards

Task lighting and reduced lighting to minimum standards can
save 7 to 10 percent of the lighting energy where such measures are
feasible and have not already been put into practice. Assuming
that 50 percent of such potential savings are now being achieved,
that 20 percent will never be achieved, and that half the remaining
30 percent could be achieved in an emergency, the savings would be
approximately 5 MB/D COE of electricity.

Two additional strategies have been suggested: closing schools
during winter months and fuel switching. To our knowledge, no data
exist that would enable realistic savings estimates to be developed
for these proposals.

89



Industrial Sector

Oil saving potential for crude oil disruption scenarios as sum-
marized in Table 24 reflect savings potential when confronted with
a serious, but not critical, oil supply disruption (Scenarios 1,
1A, 2) and when confronted with a more severe disruption (Scenarios
3, 4A, 4B, 4C). Data projected are the daily consumption savings
achievable in 60 days and indicated savings available at the begin-
ning of the denial period.

The o0il product saved is predominantly residual fuel oil. It
is estimated that residual fuel o0il savings would account for 55
percent of the total and distillate for 45 percent.

The following references provided most of the data used for
this analysis:

e Energy Information Administration (EIA) data on industrial
market energy consumption by fuel type

e The Major Fuel Burning Installation survey of industrial
boilers, their fuel use, and interfuel substitution
potential

e The Energy Consumption Data Base and FEDS Data Base main-
tained by the EIA

e The Industrial Fuel Choice Analysis Model developed by Ener-
gy and Environmental Analysis, Inc., for the U.S. Department
of Energy

@ The Industrial Sector Technology Use Model developed by En-
ergy and Environmental Analysis, Inc., for the U.S. Depart-
ment of Energy

e U.S. natural gas industry data submitted to the EIA
e State Energy Data Report prepared by the EIA,.

The Energy Consumption Data Base, the FEDS Data Base, the Major
Fuel Burning Installation survey, the Industrial Fuel Choice Analy-
sis Model, and the Industrial Sector Technology Use Model use 1974
data as a base. Many changes by industry in response to the grow-
ing awareness of potential energy supply disruptions have undoubt-
edly taken place, but these cannot be totally reflected due to the
unavailability of more current data. Some projections of potential
0il savings are likely to be understated or overstated as a result.

The maximum potential o0il savings shown in Table 24 are pro-
jected to be possible without reducing industrial output. The data
listed are the maximum yearly savings which have been estimated by
each type of industry action. With the exception of o0il desulfur-
ization reductions, these savings should be possible without prod-
uct quality compromises. Quality tradeoff savings have only been
defined for reduced o0il product desulfurization, but additional
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TABLE 24

Estimated 0il Savings: Industrial*

(MB/D)
Scenarios Maximum
Strategies Action Required 1+1A+2 3, 4A, 4B, 4C Potentialt

F-1 Boilers (0il to Coal) Clean Air Act Exemptions 8 20 50
F-2 Boilers (0il to Gas) Fuel Use Act Exemptions 105 180 220
F-3 Nonboiler (0il to Gas) Voluntary 10 20 40
F-4 Electric Drive for Steam Voluntary 20 30 40
F-5 Control of Excess Oxygen Voluntary 1 5 10
F-6 Added Insulation Voluntary 1 5 10
F-7 0Oil Desulfurization

Reduction Clean Air Act Exemptions 5 40 50

Additional 0il Not Consumed Through Reduced Refinery Runs

(MB/D)
Scenario Scenario Scenario Scenario Scenario Scenario Scenario
1 1A 2 3 4A 4B 4C
Distillate 40 75 75 100 165 125 90
Residual 45 85 85 125 190 145 100
85 160 160 225 355 270 190

*Savings are considered not affected by seasonality.
percent distillate, 55 percent residual.
tPotential savings used for all 1985 scenarios.

0il saved is estimated to be 45



actions may be possible. Other options would require more exten-
sive study on an industry-by-industry basis. For the refining in-
dustry, actions such as reducing reflux to fractionating columns or
reducing gasoline quality and adding octane-improving chemicals
could result in savings. Defining the amount of reduction possible
through these actions while ensuring adequate product quality will
require additional study.

Potential for Boiler Fuel Switching

The Major Fuel Burning Installation survey results indicate
that 270 MB/D of o0il can be displaced (50 MB/D by coal and 220 MB/D
by natural gas). This potential was defined for 1974 and assumes
that any equipment revisions or additions to achieve the fuel
changes can be made within a six-month to one-year time period.

Boiler reconversions to coal from oil may require Clean Air Act
exemptions. Natural gas substitution for oil will be limited by
the provisions of the Fuel Use Act. Revisions to the act or emer-
gency legislative authorization to override it would be necessary
in some cases.

Nonboiler Natural Gas Substitution for 0il

0il fuel use and substitution potential of 5 percent (40 MB/D
COE) was derived from the Energy Consumption Data Base. Industrial
natural gas fuel curtailments through 1978 were reviewed to cross-
validate the approximate volumes projected from natural gas fuel
switching. Data submitted to the EIA by the natural gas industry
indicated that the natural gas curtailments totaled 290 MB/D COE.
This compares favorably with the 260 MB/D COE daily savings from
boiler and nonboiler substitution for oil that is projected in this
analysis.l®

Electric Drive Operation

Steam drive operation can be replaced by electric drive at many
facilities where spare equipment is required for smooth continuous
plant operation. Although spare large horsepower equipment drive
systems are not available in many plants, it is estimated that
there are potential savings of 40 MB/D COE. The o0il savings would

16An estimation of natural gas substitution potential has
been published recently by the AGA. This estimate is 500 MB/D of
oil switching capability, substantially higher than that shown in
this report. The difference is largely due to a lower estimate in
the report of the amount of o0il which can actually be displaced by
natural gas or which, if displaced, can be readily used by other
markets. For example, the AGA projection does not reflect the rel-
atively large volumes of o0il byproducts and coproducts derived from
various industrial processes which are subsequently used as fuels.
These products include petroleum coke derived from heavy oil up-
grading, still gas from petroleum refining, and still gas from
chemical process units -- uses which average approximately 800 MB/D
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result from reduction of oil-dependent steam generation or elec-
tricity generation by manufacturing plants; consumption of pur-
chased electricity would increase, but this is normally generated
more from coal and nuclear energy than from oil.

Control of Excess Oxygen

Based upon data from the Industrial Sector Technology Use
Model, it is assumed that the equivalent of one and one half years
of normal savings from control of excess oxygen in combustion flue
gas could be accomplished in a single year under emergency
conditions.

Installation of Insulation

Data published by the Thermal Insulation Manufacturers Associ-
ation were used to develop the savings potential from additional
insulation. Since installation would require budgeting and main-
tenance planning, it was assumed that first year progress would be
relatively modest. A 3 percent savings of energy which would
otherwise have been lost has been assumed.

Reduced Desulfurization of Product Streams

Shown in Table 25 are savings from reduced desulfurization.
The analysis of refining operations has assumed that only hydro-
treating of distillate and residual fuel o0il components can be

TABLE 25
Refining Energy Savings
(MB/D COE)

Distillate Hydrotreater 3
ATF Saturator

Residual Desulfurization
Hydrogen Plant
Inefficiency Factor

—

|m~qo\H

Total 5

o

COE. Because there is no existing market for these byproduct fuels
other than for specific industrial uses, their displacement by gas
would not alleviate o0il shortages in other markets. To reflect
this constraint, use of these fuels was deducted from the initial
estimate of potential o0il savings.

In addition, o0il used for machine drive, which averages 200
MB/D COE, was deducted from the estimate of o0il which can be dis-
placed by natural gas. In addition, industrial uses of LPG were
deducted from the potential o0il savings because LPG is produced in
conjunction with natural gas. These uses average 200 MB/D COE.

As a result of these factors, nearly 1.2 MMB/D COE of the 2.3
MMB/D COE o0il used for industrial power either cannot be displaced
by natural gas or will not result in an oil savings if displaced.
According to the AGA, 20 percent of the total oil used by industry
can be displaced immediately by natural gas. Applying this ratio
to the estimated potential oil savings of 1.1 MMB/D COE, approxi-

mately 220 MMB/D COE of o0il may be displaced during an oil denial
period.
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eliminated. Treatment of naphtha is prevalent today, bgt subse-
quent processing uses sulfur-sensitive catalytic reforming cata-
lysts and precludes reducing desulfurization of this stream.

Savings through reduced desulfurization of product stream or
through increased use of gasoline octane-enhancing additives would
cause violation of product quality or environmental laws. The ex-
tent of necessary emergency legislation to allow energy savings
through these activities is uncertain at this time. A rather ex-
tensive study may be required to define the impact of these energy-
saving actions upon consuming markets and the environment.

Perspective on 0il Savings Potential

During the 1973-1974 oil embargo period (similar in size and
duration to Scenarios 1lA and 2), industry was able to reduce o0il
consumption by 650 to 700 MB/D on an equivalent industrial output
basis.

Industrial energy savings of 315 MB/D COE (about half of those
achieved in the earlier o0il embargo period) have now been projected
for somewhat similar conditions. This lower potential for oil sav-
ings appears to be directionally correct and is a result of four
changes which have occurred since the 1973-1974 crisis.

® Industrial response to higher energy prices and the threats
of supply disruptions have resulted in dramatic improvements
in energy use efficiency. Over several decades, industry
reduced energy use per unit of industrial output by about 2
percent annually, but in the 1973-1978 period efficiency im-
provement grew to 3.8 percent per year. This dramatic im-
provement in efficiency has reduced the options for energy
savings in supply disruption periods.

e The natural gas supply problems of 1976-1977 resulted in
some industry gas restrictions which encouraged a switch
away from gas use, and the ability to use natural gas has
been limited by permanent conversion to other fuels.

® Passage of the Fuel Use Act, which prohibits natural gas use
for new major fuel-burning installations, may prohibit gas
in new nonburner equipment and in existing facilities, and
limits fuel substitution capability.

@ Industry 1is increasingly using coproduct fuels which have
limited marketability. These fuels include coke, pyrolysis
pitch, olefin plant off-gases, and residue streams from var-
ious other sources. Use of these energy sources which have
no readily available market builds efficiency but limits oil
displacement opportunities.

These factors appear to support the lower o0il savings defined
by this study in comparison with the 1973-1974 experience.

Possible emergency energy savings in the industrial market cen-
ter around the capability of the industrial sector to substitute
natural gas for oil. An integral part of encouraging industry to
provide flexibility in fuel use is some legislative initiative to
allow early writeoff of standby equipment which would be used only
during emergency curtailment of normal fuel. If expenditures to
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accomplish a complete tie-in to a fuel system which is only infre-
quently used are to be made, some form of partial compensation to
companies for such installations would be necessary.

Another consideration is the importance of promoting effective
market use for the "saved" oil products. Much of the o0il savings
which are possible are in residual fuel o0il, which is not suitable
for the higher grade oil product markets which may be most hurt in
an oil import curtailment period. An environment which encourages
industry to provide residual fuel upgrading investments could sig-
nificantly improve oil product balancing capability when substitut-
ing gas for oil in the industrial market.

0il savings are also possible in some industries through minor

product quality compromises and through furnace excess air control
and improved process insulation.

DEMAND ELASTICITIES

Gasoline Price Elasticity

Various studies have produced conflicting views concerning the

price elasticity of demand for gasoline. Estimates range from
below 0.1 for the short term (one year or less) to well over 1 for
the long run (more than one year). For gasoline, the primary

source of estimates of elasticity is a review paper by Rolando F.
Pelaez.l7 A secondary source is work by Robert S. Pindyck.18

It has been argued by some analysts that large price increases
cause a temporary shock effect which results in a large impact
elasticity. If such an effect existed, it would imply that large
increases in price (resulting either from market responses or from
sudden large increases in the gasoline tax) could substantially re-
duce consumption quickly. The existence of such an effect has not
been well documented, however.

A weakness of most studies of gasoline price elasticity is that
they have not dealt adequately with the mandated fuel efficiency
standards which quite probably have reduced the long-term price
elasticity of demand.

Electricity Price Elasticity

For electricity, demand elasticity estimates also vary consid-
erably. Many studies have reported estimates of long-term price
elasticities of demand which are considerably greater than 1.0 for

17Rol1ando Pelaez, "U.S. Gasoline Demand: The Price Elastic-
ity Issue," unpublished manuscript, 1980.

18robert S. Pindyck, "The Characteristics of the Demand for
Energy," pp. 22-45 in Energy: Conservation and Public Policy,
edited by John C. Sawhill, Prentice-Hall, Inc., 1979.

95



residential, commercial, and industrial uses. Estimates of short-
run elasticities (less than one year), however, range from about
0.15 to 0.9. Most estimates are in the lower end of the range.
There 1is little evidence that elasticities for the residential,
commercial, and industrial sectors differ significantly. It should
be noted that, unlike the residential sector, there have been rela-
tively few attempts to estimate price elasticities for the commer-
cial and industrial sectors. The primary souce for electricity
elasticity is a survey article by Lester D. Taylor;l9 a secondary
source is the previously cited paper by Robert S. Pindyck.

Pindyck has argued that the price elasticity of demand for
electricity is likely to be less than that for other fuels because
its uses are more specialized. (Gasoline may be an exception.) It
is quite conceivable that sudden and large increases in the price
of electricity (through either rate changes or large changes in ex-
cise taxes) may have a significant initial impact on electricity
consumption, especially in the residential sector. Since electric-
ity rate schedules are the product of regulatory commissions (ex-
cept for fuel adjustment clauses), they tend to change slowly.
This could make large (and preferably temporary) changes in excise
taxes on electricity appealing as a means of temporarily reducing
consumption significantly.

Studies of price elasticity for electricity have been subject
to numerous methodological difficulties. One is that relatively
few studies have dealt with the fact that users of electricity face
rate schedules characterized by declining block rates rather than
prices which are independent of the quantity consumed. Also, lit-
tle consideration has been given to the distinction between peak
and nonpeak demand. Finally, as it is likely that price elasticity
varies considerably across industries in the industrial sector, the
industrial sector should be studied on an individual industry
basis.

Other Considerations

A final caveat concerning both the gasoline and electricity
price elasticity estimates outlined above is appropriate. The
elasticities indicate the relative change in quantity consumed in
response to a relative price change, assuming other things such as
real income and industrial output are not changed. It is well
known that large changes in o0il prices which would be 1likely to
accompany any emergency situation would also significantly reduce
real income and industrial output, at least temporarily. Gasoline
demand is quite sensitive to changes in real income (the short-term
income elasticity is likely to be at least as great as the short-
term price elasticity) and electricity demand is also likely to be
sensitive to changes in real income and industrial output. Conse-
quently, the actual reductions in consumption of both gasoline and
electricity in response to a large rise in oil prices would be con-
siderably greater than indicated by the price elasticities defined
above.

19Lester D. Taylor, "The Demand for Electricity: A Survey,"
The Bell Journal of Economics, Volume 6, No. 1, Spring 1975, pp.
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Chapter Three

INVENTORIES AND STRATEGIC STOCKS

INTRODUCTION

The potential contribution that a petroleum stockpile can make
to cushion the shock of an imports disruption was outlined in two
previous NPC reports: Emergency Preparedness for Interruptions of
Petroleum Imports into the United States, September 1974, and Pe-
troleum Storage for National Security, August 1975. Many of the
recommendations made in these previous studies have been implement-
ed by the federal government and form the basis for the Strategic
Petroleum Reserve (SPR) program that exists today in the United
States. This portion of the study covers the current SPR program
and its potential capabilities for utilization in the event of a
major disruption in petroleum imports. Also in this chapter is a
discussion of the role that privately held inventories could poten-
tially play in an emergency preparedness plan.

SUMMARY

® Government plans calling for development of the SPR up to a
capacity of 750 to 1,000 million barrels by 1990 appear
physically feasible recognizing the time required to build
the necessary additional storage capacity and to acquire oil
supplies to fill this capacity. Short-term government em-
phasis should be to maintain the momentum that has been gen-
erated for developing and filling the current and projected
Reserve capacity as efficiently as possible.

® Government o0il acquisition procedures should be stream-
lined and made sufficiently flexible to utilize a mix of
government-owned o0il production, term supply contracts, and
spot purchases as may be appropriate to changing crude oil
market conditions.

e Diversion to the marketplace of crude oil under current con-
tract for fill of the SPR should be considered during less
severe import disruptions as an option in supplementing
emergency supplies. Implementation of this option should
require approval of the President, and under current Energy
Security Act provisions, will require a Congressional waiver
to avoid shut-in of NPR production.

@ While decision rules for SPR use should not be automatic or
pre-determined, SPR stocks above about 200 million barrels
should be readily available for use in cushioning the im-
pacts of supply disruptions of varying sizes.

® Strategic stocks below levels of about 200 million barrels
should be held in reserve for use in very severe disruptions
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for the nation's vital security, health, and safety needs.
A decision to draw down SPR stocks should recognize that,
once SPR reserves are drawn, their utility is eliminated
until refill, and in the interim, the nation's vulnerability
to a developing, worsening, or future shortage is increased.

While activation of SPR drawdown during a severe disruption
of supplies should be subject to a flexible, Jjudgmental
decision-making process, in order to ensure conservation of
this limited national resource it is desirable for termina-
tion of SPR draw to be automatic unless specifically ex-
tended by the Secretary of Energy or the President.

SPR stocks which are drawn down during periods when a crude
oil sharing program is in effect should be priced and dis-
tributed under provisions of the crude o0il sharing mechan-
ism. The government should be considered a seller under the
program and should price SPR crude oil at approximately the
average price being charged for comparable quality crude oil
by all other sellers under the program. Pricing SPR crude
0il in this manner would return to the government full wvalue
for its investment but not add to upward market price pres-
sure, minimize any unwarranted advantage or disadvantage
from SPR crude o0il access, and assist the return to normal
market mechanisms when the crisis is over.

In the event SPR stocks are drawn down in the absence of a
crude o0il sharing mechanism, the U.S. government should
offer SPR crude o0il through an auction bid system. This
approach ensures efficient utilization of SPR crude oil
while returning full market value to the U.S. government.
Pricing SPR stocks below competitive market levels would
undermine demand reduction and fuel substitution responses
and divert refiners' attention to the SPR as a preferred
source of marginal crude o0il. An auction bid system would
minimize administrative complexities and potential abuses
and provide no unwarranted advantage or disadvantage to
prospective buyers.

The existing petroleum inventory system in the United States
was not designed to hold a large and static strategic stock-
pile. Thus, mandating of a portion of existing petroleum
industry inventories for strategic reserves without provid-
ing for the construction of substantial additional storage
capacity and acquisition of additional o0il inventory will
have a disruptive effect on the efficient operation of the
petroleum distribution system.

The government should minimize disincentives to private
stockbuilding by suppliers and consumers. Such disincen-
tives include price and allocation controls as well as the
perceived threat of future price and allocation controls on
such stocks in the event of a supply disruption. Excessive
reliance on early drawdown of SPR stocks in a disruption
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could also undermine efforts to encourage private stock-
building and consumer conservation.

DISCUSSION AND ANALYSIS OF THE SPR

This part of the study evaluates alternatives and offers recom-
mendations on utilization of the crude oil stored in the SPR during
a potential petroleum supply disruption occurring in the 1981-1985
period. This study will also attempt to:

@ Develop recommendations, as appropriate, on actions which
should be taken by the federal government to improve the
overall effectiveness of the SPR relative to emergency pre-
paredness for the near term (1981-1985)

® Develop recommendations for the longer term ultimate volu-
metric size and associated physical characteristics of the
SPR

® Recommend short- and long-term government approaches which
should be considered for securing crude oil fill for the SPR

e Offer analyses and recommendations regarding the role of
suppliers' and consumers' privately held petroleum invento-
ries to be available during an emergency supply disruption.

Background of SPR Plan and Amendments

The Energy Policy-and Conservation Act provided the legislative
authorization for the establishment of the Strategic Petroleum Re-
serve. The SPR is to provide for the storage of up to 1 billion
barrels of petroleum in order to diminish U.S. vulnerability to the
effects of a severe petroleum supply interruption. The EPCA re-
quired the submission to Congress of a Strategic Petroleum Reserve
plan detailing the proposals for designing, constructing, and fill-
ing the Reserve. The SPR plan was submitted to Congress on Feb-
ruary 16, 1977, and became effective on April 18, 1977. That SPR
plan called for storing 500 million barrels of o0il by December 3,
1982.

The planned schedule for filling the reserve was accelerated by
SPR Plan Amendment No. 1. This amendment was submitted to Congress
on May 25, 1977, and became effective on June 20, 1977. The sched-
ule was accelerated by establishing a goal of 500 million barrels
to be in storage by December 22, 1980, two years earlier than was
recommended in the SPR plan, and by establishing a December 1978
goal of 250 million barrels.

Amendment No. 2 to the SPR plan authorized an increase in the
SPR size from 500 million barrels to 1 billion barrels of stored
oil. The amendment was transmitted to Congress on May 18, 1978,
and became effective on June 13, 1978. The amendment described
government plans to store 750 million barrels of petroleum in
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underground storage facilities. Authority was also provided for
development of a 250-million-barrel industry-held reserve.

On October 31, 1979, the Department of Energy submitted to Con-
gress the Distribution Plan for the SPR (Amendment No. 3). 1In ac-
cordance with the provisions of the EPCA, the plan amendment became
effective on November 15, 1979. The SPR Distribution Plan provides
the Secretary of Energy broad authority to distribute SPR crude oil
to cover national or regional supply disruptions. Four methods of
crude oil distribution are authorized. They are:

e Standby Buy/Sell Program (implementation of additional buy/
sell orders was eliminated with President Reagan's decontrol
order of January 28, 1981)

e Standby Crude Allocation Program (scheduled to expire Sep-
tember 30, 1981)

e Competitive sale

@ Alternate allocation system (method left open; to be deter-
mined by DOE when conditions warrant).

A provision of the Energy Security Act passed in June 1980 re-
quires that effective October 1, 1980, the SPR must be filled at a
rate not less than 100 MB/D and the fill must continue at that min-
imum rate until a fill level of 1 billion barrels is achieved. The
Energy Security Act also provided that government production from
NPR-1 (Elk Hills) may be utilized directly or by exchange to sus-
tain the 100 MB/D minimum fill rate. This provision requires that
the 100 MB/D fill rate be met and maintained, or production from
NPR-1 is to be reduced.

In addition, an amendment to the Department of Interior and
Related Agencies Appropriations Act for the Fiscal Year Ending Sep-
tember 30, 1981, provides that the President shall seek to under-
take crude o0il acquisition for the SPR at an average rate of at
least 300 MB/D or a quantity that would fully utilize appropriated
funds for SPR storage. This amendment became effective December
12, 1980, but imposes no sanctions if the 300 MB/D rate is not
achieved.

Background on SPR Development Plan

In developing the SPR system, storage sites were chosen which
would be most accessible to major interstate crude o0il distribu-
tion pipelines and port facilities. These 1locations facilitate
withdrawal from the reserve if needed and entry into the nation's
primary crude oil distribution systems.

A significant amount of foreign crude o0il entering the United
States 1is received via Gulf Coast terminals to supply refineries
along the upper Texas and Louisiana coasts or to be transported to
inland refineries through major pipeline systems. These pipeline
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systems include Seaway, Texoma, and Capline. Other pipelines fur-
ther distribute crude o0il from these major 1lines throughout the
midwest. Water terminal connections are also available for ship-
ping SPR crude oil by ocean tanker to West Coast or East Coast
ports if necessary. Thus, the Gulf Coast region is a highly de-
sirable location for storage of petroleum held in reserve against
an import disruption.

The method of storing petroleum reserves was chosen to be cav-
erns leached (solution mined) in underground salt dome formations.
This method of storage in remote and underground locations is pre-
ferred for reasons of security and safety as well as cost. Also
favoring salt dome storage 1is that there are more than 350 known
salt domes along the Gulf Coast with many located near major re-
fining centers, pipeline terminals, and inland waterways.

Currently Congress has authorized the development of the first
750 million barrels of storage through SPR Plan Amendment No. 2.
This development is to occur in three phases, as shown in Table 26.
Although the ultimate size of the SPR has been authorized by Con-
gress to be up to 1 billion barrels, decisions and plans have not
been submitted by the Executive Branch for the development of the
remaining 250 million barrels of SPR capacity.

TABLE 26

SPR Development Plans

Incremental Cumulative
Storage Capacity Storage Capacity
Phase Description (Million Barrels) (Million Barrels)
I Existing Cavern & Mines --
at Five Sites 248 248
II New Leached Caverns --
Expansion of 3 of Phase I
Existing Sites 290 538
III One New Site -- Expansion of
2 Existing Sites 212 750

The storage capacity of Phases II and III will come on stream
incrementally as new caverns are available. Figure 3 indicates the
current projection by the DOE for bringing this new capacity on
stream. Based on these projections, Phase II availability will
begin in the second quarter of 1982 and will be completed in the
first quarter of 1988. Figure 3 also 1illustrates the phase-in
schedule of Phase III, which will begin in the third quarter of
1985 and will be completed in the second quarter of 1989. Appendix
J of this report provides a complete breakdown of the phase-in
schedule by quarter through the completion of Phases II and III.
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Figure 3. Projected SPR Storage Capacity.

Resumption of fill began October 1, 1980. At a 100 MB/D rate,
it would be late 1984 before the Phase I capacity would be filled.
The accelerated fill rate of 300 MB/D would raise the level of re-
serves up to the current SPR capacity of 248 million barrels by
mid-1982. It should be noted that the SPR can be filled very rap-
idly when reserves as a percentage of capacity are low (rates up to
600 MB/D are feasible). However, as available storage capacity
(ullage) decreases, filling rates become constrained. Once reserve
crude oil volumes equal capacity, the SPR can only be filled as new
storage wells are completed. Figure 4 illustrates projections of
the fill rate of 100 MB/D, the increased fill rate of 300 MB/D, and
the SPR's schedule for phased-in storage capacity.

The drawdown capability of the SPR is the rate at which oil
stored in the reserve can be delivered out and into the nation's
crude o0il distribution system. It is important to note that the
drawdown rate decreases with the level of o0il remaining in SPR
storage. That is, as o0il is pumped out of storage, some storage
caverns will be depleted before others, and as this depletion
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Figure 4. Projected SPR Storage Capacity and Fill Rates.

occurs, the maximum drawdown rate will decline. Figure 5 illus-
trates the maximum drawdown capability of the SPR.

One factor affecting the drawdown capability of the SPR is the
capability of the U.S. logistics system to receive and distribute
SPR crude oil. A further discussion of this capability can be
found in Chapter Seven of this report.

Potential Uses of the SPR

The Strategic Petroleum Reserve can be thought of in two sig-
nificantly different ways: as a readily dispatchable supply to
moderate or buffer shortfalls of varying magnitudes, or as a supply
to be held in reserve for use in relatively large shortfalls that
substantially exceed the total of other demand and supply manage-
ment steps available. Until such time that the SPR has reached a
level of about 200 million barrels, it is likely that these stocks
will be used in the latter way. However, as will be discussed
later, a willingness to use stocks available above this level to
buffer the impacts of import disruptions of varying sizes could
have important benefits to the nation.

103



=
o

DRAWDOWN RATE (MMB/D
no
o

—

PHASE |

60 120 180 240 300 360
TIME(DAYS)

Figure 5. SPR Drawdown Capability.

The major advantages of strategic stocks are that they:

Are under total control of government, thus enhancing U.S.
posture among IEA countries

Can be a deterrent to politically inspired disruptions of
U.S. imports

Reduce panic buying and hoarding which may accompany a
disruption

Allow additional time for diplomatic and possibly military
planning during a major disruption

Mitigate the export of wealth which may occur as a result of
an imports disruption.

The major disadvantages of strategic stocks are that they:

Must be very large to be effective

Lose their value once deployed until such time that they can
be restocked, probably at much higher replacement cost

May become a sterile asset without sound facilities manage-

ment, effective distribution mechanisms, and a logical plan
for use.
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Without readily available near-term energy alternatives to
imported o0il, strategic stockpiles are one of several important
tools needed to effectively manage a disruption of petroleum im-
ports. The mere presence of a large strategic stockpile of oil has
value by signalling the world that the United States intends to
protect itself against import disruptions. It can be a deterrent
to politically inspired oil embargoes. Thus, its very presence may
help preclude the need for its use. However, in the event of a
supply disruption, it can offer bridging supplies, thus giving the
United States additional reaction time to evaluate the situation
and implement effective response steps. A large and effectively
managed petroleum stockpile could have a calming effect on the na-
tion and reduce counterproductive panic buying and hoarding which
might worsen the emergency situation. Of course, the public knows
that the United States produces some 9 to 10 MMB/D of oil domestic-
ally. This is the ultimate supply of last resort. However, with a
total petroleum demand of approximately 16 MMB/D, the supply of
last resort doesn't nearly cover needs in an imports catastrophe
such as DOE Scenario 4. While a major limitation of SPR stocks is
their finite size, a major advantage is the capacity to withdraw at
the very rapid rate of 2 to 3 MMB/D. Thus the dilemma as to their
best use: if used early and often, benefits are substantial, but
the risk exists of a calamity if used and not replaced before a
catastrophic disruption occurs. Very prudent judgments based on
many factors including best assessments of the magnitude and dura-
tion of the perceived import disruption should be made before im-
plementing drawdown of strategic stocks.

A draft of a Department of Energy report suggests that the size
of a dedicated or primary reserve level should be between 250 and
550 million barrels.l The Department of Defense 1is currently
engaged in further studies to determine appropriate primary stock
levels. These dedicated security stocks would not be utilized dur-
ing a supply disruption to reduce noncritical economic impacts
including acceptable levels of Gross National Product loss and in-
creased national unemployment. This is obviously a very difficult
judgment to make.

Some economists argue that a security reserve unnecessarily
ties up o0il reserves and effectively makes such reserves a "ster-
ile" asset as the primary reserve volume may never be utilized.
They argue that an SPR should be drawn down at the first sign of a
supply disruption in order to mitigate the historical tendency of
supply disruptions to cause increases rather than drawdown in in-
ventories resulting from a fear of worsening supply conditions or
complete cutoff of supplies. This is brought out in the recent DOE
0il vulnerability study2 which attempts to quantify the "economic
loss avoided" by an immediate drawdown of a portion of strategic
stocks. However, this concept is considered valid by the DOE study
when coupled with a pre-determined level of dedicated primary re-
serve which could be held as the security stocks of last resort.

1poE analysis of the appropriate size of the Strategic Pe-
troleum Reserve, November 20, 1979.
2Reducing U.S. 0il Vulnerability, Energy Policy for the
1980's, Department of Energy, November 20, 1980.
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Others argue that the indigenous domestic crude oil and natural
gas liquids (NGL) production in the United States of approximately
10 MMB/D is sufficient to protect the vital interests of the nation
in the event of a major supply disruption, and, therefore, no at-
tempt should be made to segregate the reserve into priority use
categories.

There are, however, several factors which weigh against a plan
to begin drawing down SPR reserves at the first indication of a
petroleum supply disruption. One is that the SPR may offer only a
one-time source of crude o0il for dealing with a major supply emer-
gency. Once the SPR reserve is drawn, its utility is eliminated
prior to refill, and in the interim, the nation is left more vul-
nerable to a developing, worsening, or future shortage. Another
consideration, as discussed in a later section of this chapter, is
the potential for complementing SPR stocks through voluntary stock-
building by suppliers and consumers. Plans to begin releasing SPR
stocks at the first indication of a supply disruption might act as
a disincentive to and supplant private stockbuilding efforts. In
addition, excessive reliance and freely available SPR stocks may
undermine necessary demand restraint and fuel substitution efforts
by end users of petroleum products. A final consideration is the
impact of drawdown activity on salt dome physical integrity. This
is discussed further in the Physical Constraints section of this
chapter. Oil can be withdrawn from certain salt cavities and
refilled about five times before the storage facility must be
abandoned.

Of course, strategic petroleum reserves, above some primary
reserve level, could be utilized in a more discretionary and tacti-
cal manner. This study has elicited views of approximately 200 to
500 million barrels as being a prudent level of dedicated reserves.
Some feel that 50 percent of the then-current level may be an ap-
propriate decision rule. The level of Phase I capacity (248 mil-
lion barrels) may also be a useful near-term target for a dedicated
reserve level.

The benefits of the government-owned and -controlled strategic
petroleum stockpile should accrue to the nation as a whole. Many
suggestions concerning the uses of a petroleum stockpile have been
developed since the 1973-1974 Arab oil embargo. However, the range
of possible uses would seem to grow directly with the size of the
reserve. Thus, a discussion of the ultimate size of the reserve
follows.

Ultimate Size of the SPR

The ultimate capability of the SPR to provide its intended ben-
efits is limited by its volumetric size. This question of SPR size
has been addressed since 1973 by many different groups and indi-
viduals, both public and private (Table 27). So widespread and di-
verse are the conclusions of these various sizing studies that a
consultant under contract to the Strategic Petroleum Reserve Office
has developed a report entitled SPR Size Studies Review. A draft
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report of this study, dated November 15, 1980, reveals the chronol-
ogy of events of the sizing issue which began in December 1972 and
continued through September 1980.

In spite of the widespread interest and attention received by
this question, there is no conclusive consensus of opinion as to
the ultimate SPR size. Table 27 represents a list of SPR sizing
studies and the corresponding size recommendations. It is evident
from the wide range of recommendations that the approach and meth-
odology vary broadly among the studies as do the basic assumptions
regarding the parameters of the probable disruption scenarios and
the future supply/demand outlook. In view of the depth and mathe-
matical sophistication of many of these recent studies, a similar
analysis of ultimate size has not been undertaken as a part of this
study. However, drawing from these studies and the preceding
assessments of SPR capabilities, an intuitive range of ultimate SPR
size can be obtained.

There is one noticeable trend in the SPR size study estimates.
As shown in Table 27, these study estimates of ultimate SPR size
are becoming larger over time. Since 1977, the range of size es-
timates has been 750 to 1,000 million barrels. Also, since 1977,
these studies utilized more sophisticated mathematical techniques
and econometric models to predict the impact of future import
disruptions.

The analysis of the optimum size of the SPR is a highly subjec-
tive calculation. To carry out the analysis, it is necessary to
assume a range of disruption possibilities. The desired volume of
0il in security storage depends upon the anticipated magnitude,
duration, and frequency of future import interruptions and the de-
gree of shortfall to be covered. Because the assumptions necessary
for analysis of size are so speculative in nature, it is difficult
to make a convincing argument that one particular SPR size is bet-
ter than another.

In view of this, it may be far more important to look at the
ultimate SPR size from a realistic though general perspective.
First, to be effective in mitigating a supply disruption, an SPR
must be large. No one really disputes this conclusion. Second, a
strategic reserve is not a viable long-range substitute for an ex-
panded energy resource base, but rather a stop-gap measure designed
for use of limited duration. Third, the time frame necessary to
develop and fill an SPR of even modest size is unusually long due
to the complex set of parameters involved. Fourth, discussed 1in
the previous section is the concept of some finite level of primary
reserve which would be held for the ultimate strategic emergency.

An examination of the current SPR development plan in view of
these four factors 1is 1in order. The SPR plan and amendments
authorize an SPR of 1 billion barrels of crude oil. A plan for
developing the first 750 million barrels has been approved and is
scheduled for completion in 1989. The concept of dedicating a cer-
tain level of primary reserve, though not as yet a formal part of
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TABLE 27

SPR Size Studies

Study Year Recommended Size
Sponsor /Author Completed (Million Barrels)

Petroleum Industry Research Foundation

Studies 1973 550
National Petroleum Council ' 1974 540
National Petroleum Council 1975 500
Federal Energy Administration 1975 300
Stratégic Petroleum Reserve Office 1975 530
Stanford Research Institute 1975 770
Office of Technology Assessment 1975 250-500
Federal Energy Administration 1976 530+
Strategic Petroleum Reserve Office 1976 750
Egon Balas, Carnegie-Mellon University 1976 750
Congressional Budget Office 1976 No Conclusions
Arthur D. Little, Inc. 1976 1,000
Strategic Petroleum Reserve Plan ’ 1976 500
Strategic Petroleum Reserve Office 1977 750+

George C. Sponsler, International Planning
Management Corporation 1978 1,000+

Department of Energy 1978 860+

Thomas J. Teisberg, Massachusetts Institute

of Technology 1979 1,000
Stanford University 1979 980
Department of Energy 1979 750
Congressional Budget Office* 1980 1,000

*Per CBO policy specific SPR size was not recommended, but report indicates
that a 1 billion barrel SPR would be of significant benefit to the nation.
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the SPR plan, implies a two-tiered reserve with the first tier of
fill held as security stocks and the second tier available for more
discretionary uses such as cushioning the early economic effects of
an oil disruption. Notionally, this study has evolved a subjective
concept of dedicated reserve stocks at about 200 million barrels,
perhaps increasing up to 500 million barrels as the SPR is devel-
oped further. The more readily available secondary reserve begins
at levels above about 200 million barrels and increases as the SPR
is developed.

The reasonableness of a 1l-billion-barrel strategic petroleum
reserve can be measured against a near-term and long-term bench-
mark. Near term, using the approximation of import shortfalls
under DOE Scenario 4, a shortfall of 300 million barrels could pos-
sibly result even after maximum implementation of all emergency de-
mand and supply management steps identified in this study short of
coupon rationing, excise/import taxes, and stock drawdown. Assum-
ing a primary reserve level of 200 million barrels, an SPR of 500
million barrels appears to be a worthwhile objective by 1985.

Looking longer term, in its 1979 Annual Report to Congress the
Energy Information Administration projected U.S. import demand 1in
1990 to be 5.6 MMB/D at the expected mid-price case for world oil.
At this level, a l-billion-barrel two-tiered SPR would offer 90
days of complete protection for the discretionary reserve (500 mil-
lion barrels). With implementation of demand restraint and emer-
gency production steps, the number of days of protection would
substantially increase. As illustrated in the analysis of DOE Sce-
nario 4, a 500-million-barrel discretionary reserve would exceed
the net shortfall of 300 million barrels after taking recommended
demand and supply management steps. Also, in the case of a pro-
longed interruption, the primary reserve (500 million barrels)
would essentially double the level of protection, perhaps raising a
question of overinsurance. The EIA further projected that imports
would decrease slowly from 5.6 million barrels in 1990 until the
year 2000, at which time petroleum imports will begin to decrease
rapidly as new sources of energy become commercially available in
large quantities. Thus, the greatest need for an SPR occurs in the
1980's and early 1990's. By late in the 1990's and early in the
21st century, the need for an SPR may be expected to decline as
U.S. dependence on foreign o0il and thus vulnerability to imported
0il supply disruptions diminish.

In summary, the current SPR plan for development of a 1-
billion-barrel reserve appears in line with the many recent studies
on this subject made in the public and private sectors. Achieve-
ment of this level by 1990 will require a major effort by govern-
ment. Due to the long lead times necessary for construction and
fill, it is unlikely that a level in excess of 1 billion barrels is
feasible by 1990. Also, in view of the projected reduction in oil
imports in the long term (1990 and beyond), it is questionable that
a reserve of greater than 1 billion barrels will be desirable.
Should imports dependence be reduced faster than projected, there
may be a case for a reserve smaller than one billion barrels.

There 1is enough time during the early 1980's to further address the
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question of ultimate size, and it would be appropriate for govern-
ment to review this issue periodically to determine if conditions
warrant a change in the SPR ultimate size objectives.

Physical Constraints

The current development plan for the SPR outlined in the previ-
ous section represents a least cost, maximum benefit approach to
provide large levels of reserve capacity as rapidly as is practi-
cal. Attempts to accelerate storage availability in the near term
(1981-1985, Phase II) are constrained by the physical design fac-
tors and facilities already 1in place or under construction for
Phase II. That is, once facilities are in place to leach (solution
mine) storage caverns, little can be done to accelerate this leach-
ing rate without a retrofit of equipment and a modification of the
physical facilities design. Such a retrofit would include pre-
leaching facilities such as the number and size of injection wells,
the size of pipelines for fresh water injection and brine disposal,
and the capacity of brine holding or settling ponds as well as the
size of pumps necessary to increase the leaching rate. The leach-
ing rate is thus a function of the initial design, and attempts to
accelerate the process after the fact may only delay or, at best,
meet the original schedule.

In spite of these constraints to increasing storage availabil-
ity in the near term, it would be appropriate that the Strategic
Petroleum Reserve Office undertake an analysis of alternative ac-
tions which could be undertaken to increase storage capacity in the
near term either by accelerating Phase II development or by the ac-
quisition of additional sites. It is believed that this analysis
is currently underway by DOE and includes acceleration of Phases II
and III.

Given the physical constraint of the current SPR development
schedule and assuming no short-term (1981-1985) actions which will
markedly alter this schedule, it is reasonable to conclude that the
SPR storage capability, shown in Table 28, depicts the 1981-1985

TABLE 28

SPR Incremental Storage Capacity

Storage Capacity Net Annual Increase
Year-End (Million Barrels) (Million Barrels)
1981 248 -—
1982 272 24
1983 356 84
1984 398 42
1985 421 23
1986 509 88
1987 636 127
1988 705 69
1989 750 45
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period base capability with the 1986-1989 period offering the most
opportunity for accelerated storage development. Based on the
storage capacity shown in Table 28, the utilization of the SPR ‘dur-
ing the 1982-1985 period could be limited by a lack of available
storage capacity for fill in the near term.

Another significant physical constraint of the SPR program is
the rate at which stocks can be moved out of storage and into the
nation's logistical system. This drawdown rate is dependent upon
two interrelated factors: the design drawdown rate, representing
the maximum rate at which stocks can be withdrawn, and the level of
fill at the time of withdrawal.

Table 29 is a DOE projection of drawdown capability develop-
ment. However, the drawdown rates shown are the maximum attainable
and are dependent upon the level of fill at the time of drawdown.
Furthermore, the drawdown rate declines with the volume of o0il re-
maining in SPR storage. During the 1981-1985 period, the with-
drawal rate will be constrained due to a projection of less than
maximum capacity fill. The attainable withdrawal rate will lie be-
tween 1 MMB/D and the projected 3.5 MMB/D.

TABLE 29

Projected SPR Drawdown Capabilities

Drawdown Rate*
Permitted by Facilities

Year (MMB/D)
1980 1.7
1981 3.5
1982 3.5
1983 3.5
1984 3.5
1985 3.5
1986 4,4
1987 4.4
1988 4.4
1989 4.4

*Actual drawdown capability is dependent on level of oil in
storage.

A further possible constraint is the capability of the nation's
logistical system to move SPR crude oil if and when the need
arises. This topic is discussed in Chapter Seven of this study.

A possible physically limiting factor which in time could af-

fect SPR utilization is the number of fill and drawdown cycles that
a salt dome cavern may safely undergo. It is currently estimated
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that all sites, with the exception of Sulphur Mines, can safely
sustain five complete fill and withdrawal cycles. Sulphur Mines
can be used only once. The constraint here results from the fluid
displacement procedure used to move oil into or out of a storage
cavern. For example, an "empty" cavern (that is, one containing no
crude o0il) contains a brine solution. As o0il is pumped in, brine
is pumped out. To remove the crude oil, fresh water is pumped in
which further leaches the cavern. Each time fresh water is pumped
in, leaching increases the cavern size by about 15 percent. After
five such cycles, the cavern has almost doubled in size and there
can exist a danger that adjacent caverns may begin to coalesce. If
this happens, they can become too large and their structural integ-
rity weakened enough to make them unfit for further use as a stor-
age facility. This problem can be effectively eliminated by using
brine as the displacement fluid instead of fresh water. To make
this change would require costly facilities modifications, and un-
less the real probability for more than five use cycles exists, it
is not considered economical.

A significant factor affecting the ultimate size and near-term
development of the SPR is the relatively long lead time necessary
to develop new storage facilities. The current SPR program set
very ambitious targets initially and was unable to meet them due to
the time constraints associated with developing a "grass roots"
storage facility. Table 30 illustrates the number of months from
start to completion for "normal development" of an incremental 250-
million-barrel salt dome storage facility.

It should be noted that it is possible to accelerate the devel-
opment timetable. To do so will require government action to expe-
dite the permitting and environmental impact requirements and to
make funds available for a more aggressive engineering and con-
struction schedule.

Table 30

Timetable for Developing 250 Million Barrel Site
(SPRO Estimate)

Cumulative Time
From Government

Key Events Directive (Months)
Begin Environmental Studies 0
Begin Engineering Design 12
Begin Land Acquisition and Order Long
Lead Time Materials 12

Acquire Land, Delivery of Well Casing,
Begin Drilling and Facilities

Construction 24
Delivery of All Pumps, Pipe, Etc. 30
Begin Cavern Leaching 48
Complete Cavern Leaching 84
Complete 0il Fill 96

Normal Development Time 8 Years
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A significant constraint to the near-term capability of the SPR
system has been o0il acquisition. Currently, the SPR has avallaple
storage capacity of 248 million barrels and contains about 120 mil-
lion barrels of oil. The question of filling the SPR has been and
is receiving widespread public attention. The major perceived
concerns are the federal budget cost of fill and the threat of re-
taliatory action from oil exporting nations. The subject of oil
acquisition is addressed more fully later in this chapter.

SPR Fill Rate Outlook

The rate at which the SPR is filled directly influences its
effectiveness at any point in time. During the time frame of this
study, it is assumed that there may be periods of both adequate and
tight world oil supply/demand. One can infer from this outlook
that any attempt to project a constant SPR fill rate over the peri-
od would be unrealistic. What is most likely to occur are periods
during which supply is more or less readily available for acquisi-
tion by the SPR at reasonable cost and market impact. The outlook
for SPR fill suggests that the fill rate should be increased to the
extent possible in soft crude o0il markets and reduced or halted
during periods of tight supply. A waiver from the prohibition on
the sale of NPR oil if SPR is not filled at the minimum rate of 100
MB/D should be provided in periods of tight supply to avoid the
shut-in of needed NPR production.

Figure 6 projects SPR fill levels over the 1981-1990 period
based on current inventories, and a base case assuming an average
fill rate of 200 MB/D, a low sensitivity case of 100 MB/D, and a
high sensitivity case of 300 MB/D, which is assumed to be near the
maximum for the short term. Maximum fill rate is sensitive to
available SPR cavern storage capacity, crude oil availability, eco-
nomic effects of o0il acquisition, and other factors. The SPR pro-
jected inventories under these three fill rate cases are shown in
Table 31.

An average fill rate of 175 MB/D between 1981 and year-end 1985
would maximize fill of the planned 420 million barrels of SPR stor-
age capacity for this period. Beyond 1985, Phase II and Phase III
of the current SPR development schedule provides for additional
storage capacity which would allow for an average fill rate between
1986 and 1990 of 275 MB/D. The combination of present SPR reserves
and average fill rates of 175 MB/D (1981-1985) and 275 MB/D (1986-
1990) would provide for a total reserve fill of 750 million barrels
by 1990, assuming no drawdown in the interim.

Summary of SPR Capabilities

The present phased development of the SPR, if continued on
schedule, will allow for a maximum average fill rate of 175 MB/D
between 1981 and 1985 and 275 MB/D between 1986 and 1990. If these
fill rates are achieved, maximum reserve levels will reach 420 mil-
lion barrels by year-end 1985 and 750 million barrels by year-end
1990.
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Figure 6. SPR Fill Rate Outlook Cases.
TABLE 31
SPR Projected Fill Level
(Millions of Barrels)
Year-End Year-End Year-End
1982 1985 1990
Low Case (100 MB/D) 174 284 466
Base Case (200 MB/D) 247 466%* 831*
High Case (300 MB/D) 320% 650% 1,000+%*

*Based on current SPR development schedule, these volumes are
technically not achievable in the time frame shown due to physical
limitations of storage capacity.
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Utilization of the SPR

When SPR stocks reach levels which provide flexibility in off-
setting emergency disruptions, a standby plan for distribution of
secondary reserves should be available for implementation as part
of an overall emergency preparedness plan. This standby plan
should address activation/deactivation authorities to initiate and
terminate SPR utilization, requirements for distribution eligibil-
ity by purchasers, and sale pricing mechanisms of inventories with-
drawn from the SPR reserve. The following preliminary suggestions
are offered in addressing these elements of a future standby SPR
distribution plan.

Activation of an SPR Drawdown

In developing a standby plan for utilization of the SPR, the
type of mechanism which would trigger its drawdown should be care-
fully assessed. A trigger which is developed should not be one
which will automatically engage a series of actions to start a
drawdown of SPR stocks. Rather, the trigger should be one that
will set into motion an analysis and further decision-making pro-
cess which would fully evaluate the conditions and effects that a
supply disruption is having on the nation and the manner in which
deployment of SPR inventories could reduce those impacts in light
of the potential for an extended and/or worsening of disruption
conditions.

Subsequent decision-making authority should be designed with
appropriate checks and balances to avoid the potential for over-
reaction to disruption conditions. Impromptu or hasty decisions
regarding utilization of a one-time alternative such as SPR stock-
piles must be restrained. Once a secondary reserve of o0il is in
place, the SPR should be more readily available to be used along
with other alternatives within the overall emergency preparedness
plan for the nation. A trigger to utilize even the secondary level
of the SPR should not be automatic. The final decision to effect
its use should be made at the highest levels of government after
proper assessment and evaluation of the status and projected future
conditions of the supply interruption in progress.

It is equally important that an SPR deactivation trigger also
be in place. While activation triggers should be slow and deliber-
ate to allow sufficient time to optimize all other alternatives,
sunset provisions should be incorporated in the deactivation trig-
ger. A specific rate and period of utilization should be estab-
lished. Provisions should require that timely interim assessment
be made as to the further need to utilize SPR inventories and deac-
tivation should be triggered as appropriate. Utilization of the
SPR should be closely controlled during every phase of its deploy-
ment because of its high strategic and economic value to the na-
tion. The SPR is a readily dispatchable one-time source of supply.
If fully depleted, it may be several years before it can be made
available again.
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Distribution of SPR Inventories

Efficient utilization of strategic reserves requires that a
sound distribution plan be available. The plan should be sensitive
to the need to cause minimal interference with refiner incentives
to seek out sources of supply. Administrative complexity should
also be minimized.

SPR drawdown may occur either with a government crude oil shar-
ing program in effect or in the absence of such crude o0il sharing.
In the event that SPR stocks are drawn down during periods when a
crude o0il sharing program is in effect, these SPR stocks should be
sold subject to the pricing provisions of this program. A complete
description of the crude o0il sharing mechanism recommended can be
found in Appendix F. Under the crude o0il sharing mechanism, the
government should be treated as a seller and SPR crude oil should
be sold to buyers at approximately the average price being charged
by all other sellers under the program for comparable quality crude
0il. Pricing SPR crude o0il in this manner, during periods when the
crude oil sharing program is in effect, would return to the govern-
ment full value for its investment but not add to upward market
price pressures, minimize any unwarranted cost advantage or disad-
vantage from SPR crude oil access and assist the return to normal
market mechanisms when the crisis is over.

Should the government decide on an SPR drawdown in the absence
of a crude o0il sharing mechanism, the U.S. government should offer
SPR crude o0il on a basis comparable to any other seller of crude
0il in a competitive market. Under these circumstances, SPR crude
0il should be auctioned to U.S. refiners based on their willingness
to pay competitive market prices for the crude oil. The use of an
auction bid system could ensure efficient utilization of SPR crude
while returning full value to the U.S. government for its in-
vestment. The availability of SPR stocks at competitive prices
would provide additional supplies to the marketplace and thus
should not add to upward pressure on market prices. Pricing SPR
stocks below competitive market levels would undermine demand re-
duction and fuel substitution responses and divert refiners' atten-
tion to the SPR as a preferred source of marginal crude oil. An
auction approach would also minimize administrative complexities
and potential abuses and avoid unwarranted buyer subsidization.
Auction sales of SPR crude oil should be limited to active U.S.
refiners.

Sale of SPR crude o0il may be expected to draw large sums of
money into the U.S. Treasury over a relatively short period of
time. Thus, standby fiscal plans should be developed to set aside
revenues secured through the sale of SPR stocks for potential use
in securing o0il stocks for refilling the SPR at a later date.

Storage Capacity Development

The current SPR plan contains the basic elements to provide the
desired strategic protection, and the plan should be allowed to
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continue. It could be counterproductive to divert current SPR de-
velopment efforts by initiating new and different storage plans.
The experience and technology of the last four years provide the
SPR program with a sound base for further development.

Should accelerating capacity development be desired, the fol-
lowing factors should be considered:

e The long lead time associated with permitting and environ-
mental issues

e Funding
® Re-examination of "turnkey" sites

@ Specific problems associated with the acceleration of Phase
II development

® Re-examination of the planned Phase 1III development
schedule.

The rapid development of the SPR is in the national interest.
With commitment by the federal government including appropriate
legislative action, some acceleration of the SPR program could be
accomplished. Acceleration of SPR capacity development, of course,
should not greatly exceed the likely rate of oil acquisition.

0il Acquisition

The DOE objective has been to fill the reserve as rapidly as
possible, within the constraints imposed by the world oil market.
DOE has also sought to minimize the effects of SPR purchases on
world oil prices and on the availability of supplies for domestic
consumption. At the Tokyo Economic Summit in June 1979, it was
reported that the oil-consuming nations agreed they would not buy
0il for strategic stockpiles if it would place undue pressure on
prices in the world market, and that the participating countries
would consult each other regarding decisions to resume £fill of
strategic stockpiles.

Methods and procedures for securing oil supplies, including
those based on production from the NPR, have presented problems
which the government has been seeking to overcome. The DOE and the
Defense Fuel Supply Center (DFSC) are burdened by the regulations
and administrative paperwork required to consummate crude oil pur-
chasing transactions. These administrative complexities may con-
flict with market reality where spot purchases of crude oil often
must be negotiated quickly to complete an attractive acquisition.
Budgeting of funds necessary to purchase a significant level of oil
fill for the SPR is currently being debated by Congress. With de-
control of domestic crude o0il prices by the President effective
January 28, 1981, the entitlements program, which provided an off-
budget entitlement subsidy to the government (and offsetting levy
on domestic refiners and consumers) for crude oil purchased for the
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SPR, was eliminated. Filling of the SPR with crude oil based on
exchanges of NPR production does not reduce the budget cost of
filling the SPR as the sale and purchase are not offset in the bud-
get accounting procedure. Thus, the full cost of the SPR is re-
flected in the current budget debate, which seems appropriate for
such national security expenditures. Budget constraints will be a
continuing reality for the SPR program.

The approach to o0il acquisition should continue to be diffuse
and market oriented. The government should investigate all avail-
able sources of o0il within its own production reserves, including
NPR crude oil and federal and state royalty oil. It should also
establish market-oriented o0il acquisition procedures which allow it
to act responsibly as market opportunities become apparent. In
establishing SPR o0il acquisition procedures, the government should
rely on voluntary participation and refrain from imposing burden-
some mandatory oil acquisition programs on o0il suppliers. Such
programs can be expected to lead to unfair distribution of burdens,
regulatory and administrative complexity, and pressures for excep-
tions and abuses.

Thus, the government should first continue to exchange or di-
rectly use NPR production as a source of SPR fill. It should also
investigate options to supplement NPR crude oil with federal and
state royalty oil. The utilization of these reserves will ensure
that some level of o0il fill will be maintained at all times ex-
cept during supply disruptions when it is decided to divert SPR
fill to the market. Second, the government should establish a vol-
untary offers program in order to facilitate oil company participa-
tion in entering contracts for long-term crude oil suppliers to the
SPR. Third, the government should develop and implement a crude
0il acquisition program to secure spot cargoes of crude oil which
may be available in the market from time to time. In order to be
successful, such a program must be positioned to move expeditiously
in closing sales once a spot offer is made. The government should
consider using petroleum brokers and traders to assist in securing
0il supplies at competitive prices for the SPR. Should SPR capac-
ity become a constraining factor, spot and contract purchases of
crude o0il could be reduced while continuing SPR fill based on NPR
production.

Overview of Petroleum Stockpiling in Other 0il Importing Nations3

The concept of strategic petroleum reserves 1is not new; in
fact, in countries heavily dependent upon imported oil, such stock-
piling programs were 1in existence prior to World War II. In
France, for example, stockpiling regulations had their origin in
the 1920's. However, it was mainly after World war II that petro-
leum imports came to displace coal as the primary energy source in
most industrialized countries.

3The majority of this text is compiled from "Storage Policies
of IEA Member States," a draft report by Edward N. Krapels, Septem-
ber 1980.
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European countries have felt the need for o0il security since
the Iranian oil shutdown of 1951-1953 and the Suez Canal crisis of
1956. As a result of the Suez crisis, France implemented a stock-
piling program which required its refineries to acquire and store
stocks equal to 90 days of the prior year's sales of gasoline,
heating o0il, and residual fuel oil. However, not all European
countries began stockpiling immediately. Many countries were
shielded somewhat from the effects of the Suez crisis by the inter-
national nature of the petroleum industry and thus waited until
years later to impose stockpile programs. For example, the 1967
Arab-Israeli war was instrumental in causing the member countries
of the European Economic Community (EEC) to establish a petroleum
stockpile target of 65 days' stocks. In 1972, the EEC collectively
agreed to increase their minimum stock target to 90 days of the
prior year's sales on selected products.

In 1974 the International Energg Agreement was signed by 15 na-
tions including the United States. By the end of 1980, 21 coun-
tries were members of the IEA in addition to being associated with
the Organization for Economic Cooperation and Development (OECD).
One of the requirements of IEA member countries is that they each
maintain emergency petroleum reserves equivalent to 90 days of im-
ports. Since most of the signatory countries already had some form
of stockpiling program in effect, the IEA impact on stockpiling was
not very severe.

The various countries' emergency reserve programs can be cate-
gorized into three basic types:

® Government acquisitions and ownership of the reserves

@ Special storage corporations, with government financial
assistance, that own and manage emergency reserves

e Government mandate that the o0il industry maintain emergency
petroleum reserves.

Table 32 lists the stockpiling programs of 18 of the IEA coun-
tries. Also shown is the dependence of each country on imports to
its total petroleum consumption. Table 32 indicates the widespread
imposition of mandatory stockpiling on industry by foreign govern-
ments. These mandatory programs were not implemented in the cur-
rent world oil supply environment. For the most part, they were
conceived and begun at a time prior to the 1973-1974 Arab oil em-
bargo and the subsequent world crude o0il price increases. As a
result of their early development relative to the present day sit-
uation, the petroleum industries in these nations designed their
individual distribution systems to include stock storage for emer-
gency use only. Over time, as countries and the industries grew,
so did the stock storage facilities and inventories. There are, of
course, fundamental differences between the petroleum distribution

4For a more detailed discussion of the International Energy
Agreement, see Chapter Eight of this study.
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TABLE 32

0il Stockpiling Programs of 18 IEA Countries

Industry
Import Government Public Minimum No
Country Dependence* Reserve Corporation Storage Program
Australia 27% xt
Austria 86% x
Belgium 100% x
Canada 8% X -
Denmark 97% X
West Germany 96% X X x
Greece 100% x
Ireland 100% X
Italy 98% x§
Japan 99% X X
Luxembourg 100% X
Netherlands 93% x4 X
New Zealand 92% x
Spain 97% X
Sweden 100% X X
Switzerland 100% X
United Kingdom 18% X X
United States 43% X

*OECD quarterly oil statistics, 1st quarter, 1980.

tAs of mid-1980, stocks were at 67 days' consumption; the government has
announced plans to raise this to 75 days' worth.

§Italy requires major consumers to maintain a minimum storage fill equiva-
lent to 20 percent of their storage capacity.

4The Netherlands program is in transition from an oil-company run to a
public-corporation run strategic storage program.
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system of the United States and the majority of those of other IEA
member countries. First, the U.S. import dependence on o0il and
imported energy in total is generally much lower. Second, the geo-
graphic size and complexity of U.S. logistical systems dwarf those
in most of the other countries. Thus, the U.S. petroleum distribu-
tion system was not designed for and is not currently capable of
storing crude o0il for emergency reserve requirements without dis-

ruptive effects on normal petroleum distribution operations. On
paper the United States has 90 days' supply in its complex petro-
leum distribution system. But, of course, most of this oil is

needed for the vast system to function. These and other differ-
ences set the U.S. petroleum distribution system apart from those
in other countries.

Programs to Supplement the SPR

Considering the limited capability of the current SPR program
to effectively mitigate a major supply disruption in the first half
of the 1980's, it is logical to undertake an evaluation of comple-
mentary programs involving the private sector. The loss of Iranian
supplies in 1979 brought forth a wave of studies and proposals for
increased U.S. petroleum stockpiles. In September 1980, the Irag-
Iran war led to a resurgence of interest in these studies and
proposals.

Regardless of the ownership or method of storing petroleum
stocks, all programs for storing large amounts of petroleum offer
similar benefits and face basically the same difficult problems.
One benefit is that the drawdown of petroleum stockpiles would re-
duce the economic effects incurred by the United States as a result
of the disruption. In addition, o0il stockpiles tend to deter the
intentional, temporary disruption of supplies. On the other hand,
both private and public programs face similar difficulties in the
acquisition of o0il, long lead times for the construction of storage
facilities and their subsequent filling, and the large capital in-
vestments required. Although the experience of the past four years
provides the SPR program with a practical framework for pursuing
future development, any new supplementary program would face the
additional complexities and problems inherent in beginning any new
venture, as well as time-consuming legislative and judicial chal-
lenges where such programs might be mandated by government.

A number of suggestions have been made regarding the size of a
supplemental strategic stockpile. Most commonly, the range of sug-
gestions is between 150 and 350 million barrels of oil. The cur-
rent average cost of constructing above-ground steel storage tanks
can be approximated at about $15 per barrel, including the cost of
the site, tank construction, and pipeline connections. The cost of
crude oil to fill these tanks is currently on the order of $35 to
$40 per barrel. Therefore, the initial cost of building these
storage facilities and filling them with o0il would be about $50 to
$55 per barrel, or a total of $7.5 billion to $20 billion for the
volume range cited above. An investment of this magnitude would
impose a significant financial burden on private companies if man-
dated by government without assurance of an adequate return on such
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investments. The converse of all the arguments that supported the
development of the SPR work against the desirability of privately
owned and controlled strategic stocks held in decentralized and
expensive above-ground tankage.

The government has a substantial investment of time, experi-
ence, technology, facilities, and about 120 million barrels of oil
in the existing Strategic Petroleum Reserve program. Caution
should be taken in implementing any alternate strategic storage
program which might detract from the continued development of the
SPR by competing for available crude oil supplies or diffusing the
focus on the SPR.

Overview of Methods for Supplementing the SPR

One alternative is for the federal government to mandate that
private companies maintain a specified level of petroleum stocks.
Authority for such a mandate has been created by the Energy Policy
and Conservation Act under which refiners and importers can be re-
quired to maintain segregated security storage. A second alterna-
tive for augmenting the SPR 1is for the government to facilitate
voluntary stock building by removing disincentives (such as the
threat of imposition of price controls or allocation regulations).
A third alternative is providing new incentives to build stocks
through methods such as tax credits, cash grants, federal loans or
loan guarantees, or preferential tax treatment for strategic oil
inventories. A fourth alternative could be a joint effort by the
public and private sectors in a manner similar to that used to
maintain petroleum security stocks in West Germany. The German EBV
(Erdoelbevorratungsverband) system is based on a federally char-
tered o0il storage corporation with responsibility for security
stocks. Under this system capital investments in storage facili-
ties and petroleum stocks are shifted to the EBV rather than re-
maining on the balance sheets of either the German government or
private corporations. The cost of the storage facilities and oil
as well as associated storage costs are passed through to German
consumers via a fee system. A fifth alternative is private financ-
ing of the government SPR.

Objectives of Private Storage Mechanisms

Several objectives are desirable for any private storage mech-
anism that might be implemented in the United States. First, the
mechanism should lead to creation of additional storage capacity
which can meaningfully supplement the SPR program and add flexibil-
ity to strategic stocks. The filling of private storage should
take place without creation of artificial shortages which could po-
tentially increase the price of o0il to all importing countries at a
significant additional cost to their economies. 0il stocks should
be built during periods of surplus and drawn down during periods of
shortage. Another objective of any private storage mechanism
should be to offset some of the shortcomings of the SPR, particu-
larly in the acquisition of crude o0il. The private sector alterna-
tives avoid direct purchases by the federal government and thereby
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may provide a lower profile and more diffuse method of acquiring
petroleum stockpiles for the United States. From a financial per-
spective, the building of stocks should be handled in a manner that
does not place an undue or inequitable economic burden on industry
and on the private sector or unnecessarily divert capital away from
energy development investments. Competition for capital could re-
sult in the deferral or cancellation of important oil exploration
and production programs, and coal or synthetic fuels projects which
could increase domestic energy supplies and thereby reduce this
nation's dependence on imports. In addition, any private storage
mechanism should maintain competitive neutrality among the various
firms in the petroleum industry as well as in other areas of the
private sector. If one group (industry or other private sector
segment) gains significant advantage over another through a private
stockpile program, litigation and political opposition would prob-
ably result.

There are some who argue that petroleum stocks privately held
by the o0il industry would not be effectively drawn down during
times of shortage, but would be held to maximize profit potential.
The profit incentive is considered necessary and basic to the vol-
untary building of inventories during normal periods of adequate
supply. In the event of an o0il supply disruption, as with a short-
age of any commodity (wheat, corn, beef, etc.), there is a natural
tendency to maintain control of scarce resources to maximize return
on investments and/or to ensure continuity of operations for the
expected duration of the shortage. On the other hand, any attempt
by individual companies to unnecessarily hold back critical stocks
will be met by consumer dissatisfaction and possible pressure for
governmental remedial action. As a result, there exists the poten-
tial for long-term economic harm to companies as a result of con-
sumer distrust and lack of confidence in the industry.

Absent government guidelines, the decision to draw down inven-
tories in the face of a crisis will be made individually by each
company. These decisions as to when inventories should be drawn
down, at what rate, and to what level, will naturally vary among
companies depending upon their individual perception of the crisis
and its impact on their operations.

Mandated Supplemental Storage

The Energy Policy and Conservation Act grants the federal gov-
ernment the authority to require refiners and importers to maintain
strategic storage up to an amount equal to 3 percent of the amount
imported or refined during the previous calendar year. The act
provides the federal government with authority over retention and
drawdown of these supplies. Based on 1979 throughput and imports,
the 3 percent requirement could result in mandating stocks of ap-
proximately 200 million barrels. Expansion of stocks beyond that
level would require new legislation. Current authorities under
EPCA for mandating private storage have not been exercised by the
government.
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Requirements for industry-held strategic storage could po-
tentially shorten the response time for supplementing strategic
storage capacity, via steel tankage, over additional government
projects to leach out additional salt dome storage capacity. Stra-
tegic stock utilization flexibility would also be enhanced if such
inventories were located nearer to refining and consuming centers.
Also, private acquisition of oil to fill storage may be less sus-
ceptible to retaliation by foreign oil-producing governments than
direct U.S. government purchases to fill the SPR.

However, mandatory storage requirements on supplies and/or con-
sumers could have significant disadvantages. The mandate could
affect various companies' financial viability in an inequitable
manner. The effect of such a mandate would be to create a nonpro-
ductive asset of substantial size. The capital devoted to manda-
tory stocks would not be available for other important investments
such as those in petroleum exploration and production, coal, syn-
thetics, and energy conservation. Investments in mandated stocks
might be offset by reduced investment in private stocks with no net
gain in protection and some loss in efficiency and equity.

Mandated storage would lead to a massive federal system of ad-
ministration. The government would need to create specific rules
for storage requirements. These rules would be complicated due to
the periodic fluctuations in seasonal stock and working inventor-
ies. Additional staff and regulations would be needed to enable
the government to verify the existence, accessibility, and quality
of mandated petroleum reserves. Another disadvantage of mandated
storage would be the potential loss of economies of scale through
the building of relatively small steel storage tanks in diverse
geographic areas. Finally, a mandated storage system would be
encumbered by bureaucratic procedures necessary to supervise the
drawdown of such stocks 1in the face of a developing supply
disruption.

Design and Operation of the U.S. Crude 0Oil Distribution System

To facilitate understanding of proposals to mandate changes to
the petroleum distribution system, a discussion of the characteris-
tics of the crude oil portion of the system is provided.

The petroleum distribution system in the United States was de-
signed for the efficient movement of large quantities of petroleum
raw materials and finished products. In this huge transportation
network, a large amount of tankage is necessary in order to main-
tain normal flexibility for the smooth, continuous operation of the
supply system. Crude oil storage facilities in the form of above-
ground steel tanks are provided throughout the system for the fol-
lowing purposes:

@ To receive and hold shipments of crude o0il which are usually
delivered in large but discrete parcels

@ To segregate different grades and qualities of crude oils
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@ To accumulate crude oil before and during planned downtime
and maintenance periods

e To handle unavoidable but anticipated events such as equip-
ment breakdown and those which may arise as a result of
transportation schedule changes, weather delays, etc.

e To meet seasonal peaks in demands

@ To accumulate enough crude o0il to make up a complete ship-
ment to a further supply point

e To meet system safety criteria.

In each of the above examples of storage usage, it is apparent
that some level of tank ullage must be maintained if the system is
to be workable.

Within the petroleum distribution system there exist two pri-
mary inventory levels. The first level 1is termed the "minimum
operating inventory" and can be defined as the level of inventory
in tank bottoms, pipelines, refinery processing equipment, etc.,
that is necessary to make the system work or flow. When the actual
stock 1level falls below the minimum operating level, operating
problems occur and shortages begin to appear. For emergency plan-
ning purposes, this level of inventory is considered unavailable to
meet current consumption. A portion of this minimum operating in-
ventory is said to be "completely unavailable" and can never be
used unless the distribution system is shut down and operators are
willing to utilize expensive, one-time-only options. In addition
to the "completely unavailable" inventory, the minimum operating
inventory includes an amount of inventory necessary for the "nor-
mal" operation of the distribution system. This volume includes
product needed to handle unavoidable events and the cyclical ship-
ments which typify the movement of crude oil.

The second measure of inventory level is termed the "maximum
operating inventory." This maximum operating inventory is below
the physical shell capacity of the available tankage as empty space
must always be available for efficient system operation. Part of
this space is never filled and is required for safety measures de-
signed to prevent overfilling and allow for thermal expansion of
the contents. Operating space is required for the receipt of in-
ventory and for unavoidable events. Each operator in the crude oil
distribution system has a maximum operating inventory. If inven-
tory were allowed to go above the maximum level, the results would
be a slowdown or interruption in the normal operation of the dis-
tribution system.

The 1979 National Petroleum Council report entitled Petroleum
Storage ‘and Transportation Capacities identified parameters for
crude o1l storage in the United States as of September 30, 1978
(shown in Table 33).
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TABLE 33

Crude 0il Storage in the United States¥*
(Millions of Barrels)

Minimum Maximum Tank
Operating Operating Shell
Inventory Inventory Capacity
Total 290 380 460
Range of
Operating Stocks 90
Empty Tankage or Ullage Requirement 80

*Excludes SPR capacity.

The U.S. petroleum distribution system operates within a crude
0il inventory range of 290 million barrels minimum and 380 million
barrels maximum, or with just 90 million barrels of crude oil stor-
age flexibility for seasonal demand adjustments and for noncontinu-
ous operations. Table 33 also indicates that while there are 170
million barrels of tankage above the minimum operating inventory of
290 million barrels, some 80 million barrels of tank capacity is
empty space necessary for the normal and efficient operation of the
system and cannot be utilized for storage.

It can be concluded from this analysis that the U.S. petroleum
industry crude oil distribution system operates within a relatively
narrow range of inventory levels and is constrained on both the
minimum and maximum sides. Thus, the U.S. system was not designed
for the holding of static strategic stocks of o0il, and any attempts
to specify existing industry storage capacity for stockpiling would
have a disruptive effect on the distribution system. Storage of
strategic crude oil stocks by the private sector would require the
construction of additional storage capacity.

Voluntary Private Security Stocks

In considering measures to increase voluntary security stocks,
the potential incentives of suppliers, consumers, and commodity
investors to buy and store o0il should be considered. Constructive
stock-building behavior could be significantly encouraged by remov-
ing or preventing disincentives. Price and allocation controls
discourage substantial profit-motivated inventory acquisition dur-
ing periods of oversupply. Furthermore, with respect to the impact
on inventory build, the threat of controls has potentially as ad-
verse an effect as controls themselves. Merely discontinuing price
and allocation controls by executive order falls far short of
achieving the desired effect, as petroleum companies could justifi-
ably expect controls to be reimposed with little delay in the event
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of a shortage. Accordingly, if a favorable impact on voluntary in-
ventory acquisition of crude oil is to be achieved, existing legis-
lative authorities should be permitted to expire without enactment
of substitute crude o0il price control measures. In addition, any
authority which could provide for mandatory allocation of private
crude o0il stocks should be amended to preclude such use. Petroleum
companies' acquisition of crude o0il in a voluntary mode is highly
diffuse and balanced relative to changing supply/demand patterns,
and thus would be compatible with crude o0il acquisition efforts by
the Strategic Petroleum Reserve Office.

Private stocks offer the advantage of being readily available
for drawdown to mitigate the disruptive effects of a developing
supply shortage without the need to consider activation triggers or
other bureaucratic procedures. Pressures to hoard or hold private
stocks beyond the optimum time of drawdown is a disadvantage, but
private decisions are likely to be diffused and diverse as opposed
to monolithic government decision-making.

Although the removal of price and allocation controls could
have a substantial impact on private inventory accumulation, the
existence of what economists call "external benefits" from strate-
gic storage suggests that private inventory accumulation may, nev-
ertheless, remain below levels desirable from an overall emergency
preparedness standpoint in the absence of tangible government in-
centives. Petroleum security stocks serve to protect the broad-
est national interest against a threat to its economic well being
and military security. As these benefits accrue to the nation as a
whole, they may justify a system of government incentives to en-
courage a level of privately held stocks higher than would other-
wise prevail.

Elimination of the threat of price or allocation controls on
private stocks is prerequisite to the effective operation of any
incentive system. The existence of standby crude oil price con-
trols on these stocks would cause concern that, if such controls
were applied, the benefit of any promised incentives would thus be
denied.

An incentive system that might be considered could be struc-
tured in a number of ways. Among the options which have been sug-
gested are:

e Federal loans or loan guarantees for inventory acquisition

® A mechanism to impose import tariffs during supply disrup-

tions thereby increasing the uncontrolled price and the mag-
nitude of prospective inventory gain

@ Preferred tax treatment for inventory profits

e Tax credits or cash grants for holding inventories

@ Tax credits or cash grants for construction of storage

facilities.
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These alternatives are discussed in the following paragraphs.

The first option, federal loans or loan guarantees, is unlikely
to be effective. Government loan guarantees protect only the pri-
vate lender against default by the borrower, thus permitting a loan
to be granted for an otherwise unacceptable risk. They do nothing
to ensure cost recovery by the private borrower. Even with govern-
ment guarantees, the borrower's repayment obligation is not abro-
gated -- except in the event of his default. This is likely to be
of little comfort to the borrower as guaranteed security storage
loans would almost certainly affect industry debt/equity ratios,
credit standing, and the ability to borrow capital for other proj-
ects. Similarly with direct government loans, to the extent that
the program is really a loan creating a firm obligation to repay,
it is fundamentally no different than other types of loan financ-
ing. It still leaves the borrower with increased debt and problems
of cost recovery and provides little effective incentive. If gov-
ernment loans were provided at below-market interest rates, the
government would in effect be providing a direct financial subsidy
towards inventory acquisition, and the comments that follow regard-
ing the fourth and fifth options would apply.

The second option, a mechanism to impose import tariffs during
a supply disruption, might be effective but difficult to implement.
It would be difficult to develop a legislative formula which would
provide the o0il industry or other private sector holders of stock
with the necessary level of assurance that the import tariffs would
in fact be imposed as promised and that the domestic price would be
allowed to rise in an uncontrolled fashion without confiscatory
taxes to meet the new import price. However, if these problems
could be overcome, an import fee mechanism could provide large in-
centives for stock building.

The third option would be to provide preferential tax treatment
on o0il inventory gains. Gains on inventories which have been held
in excess of a year could be accorded 1long-term capital gains
treatment, or, as a further incentive, inventory gains could be
exempted from taxation. Capital gains treatment would seem desir-
able on grounds of equity with other types of assets, and because
it would encourage prudent long-term accumulation of stocks over
the counterproductive crash inventory build which might accompany
the onset of a shortage. A 100 percent tax exemption would provide
further incentives to hold petroleum security stocks.

The fourth option is a system of tax credits or cash grants
provided whenever security stocks are held. This approach allows
for any targeted level of subsidy, and it would permit an offset to
the tendency of investors to acquire stocks rapidly at the onset of
a shortage by lifting the subsidy during periods of disruption.
However, such an approach would present significant administrative
problems. A regulatory formula would have to be devised to distin-
guish between subsidized stocks and normal working stocks, and gov-
ernment inspectors or contract auditors would have to verify that
subsidized o0il was being stored. Since storage subsidies would be
prorated by period of time stored, the government would have to
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keep track of all purchases to prevent back-dating of acquisition,
and of all drawdowns to prevent post-dating of drawdown. Reaching
agreement on legislative language to define these procedures could
be difficult, and, if a bill were enacted, establishment of final
regulatory procedures would take time. 1In the interim, the program
could not be fully effective.

The fifth option is a system of tax credits or cash grants for
the construction of storage facilities. This option would directly
address the shortage of adequate strategic storage capacity. It
would avoid many of the administrative problems that may be associ-
ated with a system which provides credits or incentives based on
inventory levels. 0ld and new can be automatically distinguished
in a system of credits or grants directed at storage facilities.
The legislative 1language could be straightforward and could be
enacted as part of periodic tax legislation.

Furthermore, and perhaps more important, a system of incentives
for new storage facilities would encourage new investors and ensure
that inventory build was not the exclusive responsibility of the
oil industry. Given an adequate level of subsidy, companies in
many industries could find it attractive to construct new tankage
and store crude o0il or product, both for themselves and on behalf
of other firms and/or private investors. This is desirable from
several standpoints. It brings new sources of capital to bear and
ensures that capital for inventory build is not provided exclusive-
ly at the price of a cutback in other critically important energy
programs.

If a system of credits or grants for construction of storage
were put in place, the total subsidy should be less than the full
cost of storage facilities in order to ensure that storage facili-
ties are constructed in efficient cost-minimizing fashion. To max-
imize incentives for efficient construction while still providing
the greatest possible incentive, it might be desirable to integrate
a fixed credit per barrel of tankage with some percentage credit
for costs above that level.

Before leaving the subject of voluntary mechanisms, it should
be mentioned that there has been discussion regarding the role of
commodity futures as a mechanism to bolster private stocks. Assum-
ing the fungibility problems raised by the existence of different
qualities and grades of crude oil can be satisfactorily addressed,
a commodity futures market in crude o0il would be a natural out-
growth of increased private investment in inventories and would ef-
fectively complement them. However, as physical commodities are
typically held against only a very small fraction of the total vol-
ume of contracts outstanding on a commodity exchange, a commodity
futures market in o0il should not be pursued as an end in itself.
Commodity markets facilitate trading activity but do not, of them-
selves, occasion significant incremental storage.

Security Storage Corporation

One alternative means of supplementing the SPR would involve
use of a hybrid public/private "security storage corporation." 1Its
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objective would be to take advantage of petroleum companies' exper-
tise without draining scarce private capital resources from invest-
ment in new energy development. Other countries have faced these
issues and have developed programs consistent with their markets
and economic conditions. In highly controlled markets such as in
France, Italy, and Japan, mandatory storage appears to be workable.
In a more competitive environment such as that in West Germany,
other alternatives have been proven more desirable. The similari-
ties between the West German and U.S. situations make a review of
the German experience particularly instructive.

As in the United States, the West German market is highly com-
petitive and contains a large number of firms with disparate fi-
nancial capacities. They include both integrated and independent
refiners and independent importers of varying sizes. Mandatory
storage regulations, first imposed in West Germany in 1965, con-
tained different required storage levels for different types of
firms. The system was not felt to be fair, and increases in stor-
age requirements in 1975 met stiff opposition. Litigation over the
next several years made it clear that no mandatory storage program
could be fair to all firms in the industry. In many cases, the
financial burden imposed by mandatory storage strained the finan-
cial capacity of the firms. As a result, the "Oil Storage Associa-
tion" (EBV) was formed in July 1978.

The EBV is a federally chartered corporation. Its budget and
borrowings must be approved by the government, and it is "protected
from bankruptcy" through the government assuming any liabilities
which remain when the EBV liquidates. This arrangement is not
viewed by the government as a direct guarantee of the EBV's debt.
All companies engaged in importing or refining o0il are required to
be members of EBV and pay fees which cover the association's oper-
ating expenses. These fees, which primarily cover interest and
lease payments, are passed through to consumers. Companies are
encouraged to list the EBV fee separately on their invoices.

Storage requirements for the EBV are set by the German govern-
ment. EBV's initial stocks were provided through a transfer of
each member's mandatory stocks to the association. Existing above-
ground storage was purchased or leased. In most cases the initial
fill of the EBV did not require any movement of oil and the EBV was
functional immediately upon its establishment. 1Its capital was 100
percent debt financed and was used to compensate members for the
assets transferred to the association. Members have, through an
advisory counsel, a majority vote on all matters affecting the
operation of the EBV other than stock drawdowns.

Although any stocks more than 5 percent above the target levels
may be disposed of at the EBV's discretion, drawdowns below target
levels may be made only on the authority of the German government.
Stocks are required to be sold at market price and offered to mem-
bers first, in proportion to their contributions. Profits from
sales are to be used to offset operating expenses and reduce debt.
It is not clear when the government would permit drawdown of EBV's
stocks, which are currently in excess of 65 days' requirements. In
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addition to EBV stocks, refiners are required to hold an additional
25 days of stocks (which is roughly the level of normal operating
inventories), and the government has an additional 15 to 20 days of
strategic stocks in underground storage.

The EBV is often cited as a successful solution to West Ger-
many's security storage needs. Litigation regarding discriminatory
storage requirements has been eliminated and industry's financial
condition has been strengthened by removing sterile assets from its
books. The government does not feel that the public sector burden
on the economy has been unduly expanded, as the EBV debt is not
directly guaranteed and the fee imposed on companies is not a tax.

Applicability of EBV To U.S. Conditions. Although the concept
of a hybrid public/private security storage corporation is inter-
esting, the West German EBV program probably could not be success-
fully transferred to the United States without significant changes.
One reason for this is that the U.S. petroleum industry has no
existing mandatory storage. Therefore, a security storage corpora-
tion would have to compete with industry and the SPR for scarce oil
supplies in building a reserve. Similarly, the absence of an ex-
isting mandatory storage program in the United States implies that
the storage corporation might face a long lead time in constructing
additional tankage. A much more complex organization than EBV
would obviously be required in order to accomplish these additional
functions.

It is 1likely that a security storage corporation would face
significant opposition. New laws would be required, and Congres-
sional debate could be protracted. Any legislative action would
likely be followed by considerable litigation. Only after organiz-
ing a staff for the corporation and developing procedures could oil
and storage capacity actually be acquired. The cumulative effect
of these delays would mean that it would be very unlikely for a
security storage corporation to make a significant contribution to
the nation's security during the 1980's when it is needed most.

Some of the drawbacks of a security storage corporation could
possibly be overcome. O0il acquisition could be accelerated by im-
position of an in-kind refinery tax/import tariff designed to ab-
- sorb the current excess industry inventories. However, any action
along these lines would face a great deal of litigation and polit-
ical pressure. 1In fact, an EBV-type program would face many of the
same problems as the Strategic Petroleum Reserve Office: difficul-
ty in quickly acquiring oil and storage capacity, susceptibility to
political pressures, government reluctance to make drawdowns when
needed, etc. A security storage corporation would have several
possible advantages, hqwever, including the benefits of increased
industry involvement and the conservation aspects of direct con-
sumer charges.

The most significant problem with the concept of a security
storage corporation is unavoidable: that is, the diversion of na-
tional attention and energy from the SPR. With about 130 million
barrels of existing unused capacity in the SPR, its expeditious
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filling would be the logical first step in reaching security stor-
age goals. Although a security storage corporation has been suc-
cessful in West Germany, it is unclear whether this success could
be expeditiously duplicated in the United States. In order not to
lose valuable time and momentum, the filling of the existing SPR
should remain the first priority, augmented by the avoidance of
disincentives to private stockbuilding.

Private Financing of the SPR

As a result of increasing budgetary constraints, the cost of
the 0il needed for an adequate SPR may prove burdensome to the gov-
ernment. One means of alleviating the SPR's budget impact would
involve attracting private capital to finance the acquisition cost
of oil. 1Investors would be given the opportunity to fund the pur-
chase of 0il in return for receiving a payment equal to the value
of the o0il on or before a known date. In order to be workable,
such a system would have to have certain features:

@ Investors must be able to freely buy and sell their partic-
ipation shares in the SPR, and must be assured that the
eventual disposition of the o0il will occur at a free market
price, not a controlled price. The o0il could be sold at
auction (or purchased by the government at an equivalent
price), or maturing participation shares could be redeemed
through a refunding.

@ To be willing to hold SPR participation shares, investors
must expect an adequate return on their funds. Some indi-
viduals probably believe that the cost of energy will in-
crease faster than general inflation indefinitely and would
be willing to simply buy and hold oil for prospective appre-
ciation. To capture the large amounts of capital required,
however, some cash return would probably be required in
addition to the appreciation in the value of the oil. The
lowest efficient return could be achieved in periodic auc-
tions of SPR participations, similar to auctions of govern-
ment securities. The federal government would probably have
to absorb the costs of storage and shrinkage in order to
reduce the number of unknowns faced by investors.

® Return of capital (via refunding or sale of o0il) must occur
within a reasonable period of time, for example 20 to 30
years. (Bonds which do not have a fixed maturity date are
not feasible if a portion of the expected return simply
accrues each year instead of being paid out.) Investors in
the SPR would realize that their capital could be returned
at any time up to the final maturity. To ensure fairness,
capital should be returned on a "first in, first out" basis.

A program of private investors' participation in financing the
SPR might increase public support for the SPR through increased
public awareness and involvement. This public support may also
reinforce a government policy of market pricing of crude oil during
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a shortage as investors would want their "stock" to increase 1in
value with the market rather than being limited in value by price
controls or other government regulations. However, an SPR "partic-
ipation shares" program could also promote increased public pres-
sure to draw down stocks during even modest supply disruptions in
order to capitalize on the investment. Drawdown of stocks at such
times could possibly conflict with national emergency management
strategies and policies.

A plan such as this could probably proceed to some extent; how-
ever, it is impossible to predict whether or not the full cost of
0il to fill the SPR could be raised in this manner. If successful,
such a program would enable the government to retain control over
the rate and timing of withdrawal from the SPR, while shifting a
portion of the cost to private investors and reducing the federal
budget deficit over the next several years. There is, however, the
danger that a mechanism for investment in crude oil without cost of
carry would tend to discourage private stockbuilding as a supple-
ment to government held reserves.

Conclusions Regarding Programs to Supplement the SPR

e Considering the limited capability of the SPR program to
mitigate a major supply disruption in the early 1980's,
supplementary measures to increase private stocks should be
considered.

® Mandated private storage has the disadvantages of affecting
different firms inequitably, leading to a massive federal
administration system, and diverting capital from equally
important investments in energy development, energy conser-
vation, and voluntary private stockbuilding.

® Removal of disincentives to voluntary storage has none of
the disadvantages of mandatory storage and could have a sig-
nificant impact on the level of private stocks.

@ Consideration should be given to treating long-term inven-
tory profits as capital gains and to tangible government
incentives, either tax credits or cash grants, to encourage
private construction of storage facilities. It should, how-
ever, be recognized that government would likely control the
use of privately held inventories it has subsidized.

e A hybrid public/private security storage corporation has
been successful in West Germany. However, it 1is unclear
whether this success could be expeditiously duplicated in
the United States. Creation of such an entity would dis-
tract the government from its first objective, which should
be to progress the existing SPR program. Further study of
this complex matter is, of course, appropriate.

e Private financing of the government SPR seems to offer 1lit-
tle substantive advantage and may create pressures for pre-
mature sale of security stocks. This, too, is a complex
proposal and is deserving of further study.
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Chapter Four

EMERGENCY OIL PRODUCTION

INTRODUCTION

The objective of this chapter is to quantify the amount of
emergency oil production which could be made available in the 1981-
1985 time frame to minimize the impact of an import disruption of 2
MMB/D or greater for a period of six to 12 months. The disruption
of imports is assumed to occur without significant prior warning.
Emergency o0il production capability is defined as sustainable o0il
production above the current normal rate, resulting from temporary
production in excess of the maximum efficient rate (MER) by means
of production facility modifications and improvements in transpor-
tation systems. The following assumptions were used to develop the
estimates of potential emergency o0il production increases:

e The appropriate regulatory body in each case will permit
temporary production in excess of the current legal limits
so long as no substantial damage to the estimated ultimate
recovery of production reserves is incurred.

® Regulatory bodies will act in a timely fashion to relax con-
servation and environmental rules, particularly in regard to
limited gas flaring and emissions on a temporary basis until
permanent facilities can be provided.

® Production allowables are at the present level in all major
fields between now and the time of the emergency.

® Any new primary, secondary, or tertiary reserves placed on
production between now and 1985 will be at maximum
capability.

This chapter attempts to focus on available and secure sources
of petroleum supplies. To initially identify existing fields with
emergency capability, the 1974 NPC study entitled Emergency Pre-
paredness for Interruption of Petroleum Imports into the United
States, which included a detailed review of 23 privately operated
major oil fields, was used as a basis. Based on a new survey of
major field operators taken in 1980, the fields currently identi-
fied as having emergency oil production capability, and shown in
Figure 7, are the Prudhoe Bay Unit, three Texas fields (East Texas,
Tom O'Connor, and Yates), and Elk Hills in the Naval Petroleum
Reserve.

SUMMARY
e The current maximum temporary emergency domestic oil capa-

bility deliverable to refineries is about 325 MB/D. Obtain-
ing this level of emergency o0il production 1is dependent
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upon receipt of the necessary regulatory approval and some
incremental level of investments and time delay. Without
mechanical pipeline restrictions in the Trans-Alaska Pipe-
line, the emergency capability could be increased to about
400 MB/D.

NORTH DAKOTA

MINNESOTA

SOUTH DAKOTA

NEBRASKA

NEW MEXICO

@ ELK HILLS

EAST TEXAS @

PRUDHOE BAY

YATES
®

TOM O’CONNOR

i s Figure 7. Domestic Oil Fields with Emergency Capability.

@ Most of this present capability comes from the Prudhoe Bay
Unit and the East Texas field. The emergency production
capability from the Naval Petroleum Reserves is limited to
about 16 MB/D from the Elk Hills field (NPR-1).

@ These current capabilities are assumed to be available for
an emergency production period of six months to one year
as most fields are facility limited rather than well capa-
bility limited.

e The emergency capability in 1985 from existing fields will
be lower because most of these fields can be expected to
decline in production capability as reserves are depleted.
In the case of Prudhoe Bay, emergency production in 1985
will be 1limited by pipeline throughput. By 1985, total
emergency production capability is estimated to be limited
to about 140 MB/D, mostly from the East Texas field.
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e Overall, the volume of temporary emergency oil production
available is quite small compared to the potential size of
an oil import disruption. In addition, there are regulatory
requirements that currently preclude the use of this emer-
gency production capability and, at the time of need, could
further reduce or restrict its effective utilization. Al-
though the estimated emergency production available is rel-
atively small in comparison to the potential size of an
import disruption, it could be of value to an overall emer-
gency response plan.

® Maximum benefit of the emergency o0il production capability
can be most effectively realized through a government pre-
planning effort. One aspect of pre-planning would be to
encourage the state regulatory agencies affected to develop
action plans that could be used at the time of a declaration
of an 0il import emergency.

e In some cases, private industry would not realize a return
on pre-investments in pipeline and other transportation
facilities required to maximize emergency production during
an import disruption. The government should review tax and
regulatory factors that act as disincentives to industry
investments in transportation facilities to minimize poten-
tial logistics problems which may occur in the future, dur-
ing both normal and emergency periods.

DISCUSSION AND ANALYSIS

The identified o0il fields have no spare producing capacity
unless established MERs (as in Texas) or state-approved offtake lim-
its (as in Alaska) are exceeded. Although the established with-
drawal rates represent the maximum rate of production that can be
sustained over a long period of time, this report assumes that it
would be possible to exceed this rate on an emergency basis for a
period of six months to one year with minimum risk of reservoir
damage or 1loss of ultimate recovery. The estimated buildup in
emergency oil production which could be brought on stream in 1981
is shown in Figure 8. The volumes shown are those deliverable to
refineries for both the privately owned fields and for the total
emergency production including Elk Hills in the Naval Petroleum
Reserve. About half of the total o0il surge capability. would be
available within two months from the occurrence assuming regulatory
clearance within 30 days of application. To reach maximum oil
surge capacity would require, on an optimistic basis, about four to
six months to make the necessary modifications to production facil-
ities and pipelines at a cost of about $30 million. The estimated
emergency o0il production capability in 1985 is also depicted in
Figure 8.

As shown in Table 34, an estimate has been made of the maximum
emergency production that could be obtained from the individual
fields based on both reservoir and facility limitations. As indi-
cated, the current (1981) major field production might be increased
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by about 400 MB/D based on on-site field production capability and
325 MB/D based on production deliverable to refineries. The length
of time that this rate could be sustained is uncertain, but some
decline can be expected, particularly over a period lasting beyond
12 months.

As reserves in these fields become further depleted through
normal production over time and as reserve-to-production ratios
decline, the capability for emergency oil production will decrease.
It is estimated that by 1985, only the East Texas field will con-
tain significant emergency capability deliverable to the refineries
(about 133 MB/D).

Prudhoe Bay Unit

The Prudhoe Bay field is currently the largest oil field in the
United States. Its production is the state-approved maximum off-
take rate of 1,500 MB/D, plus condensate production. During 1981,
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TABLE 34

Emergency Oil Production

(MB/D)
1981 Peak 1985 Peak
Maximum Emergency Capacity Emergency Capacity
Current Field Deliverable Deliverable
Field Production Capacity Field to Refineries Field to Refineries
Prudhoe Bay 1,500 1,800* 180 100 180+ 0
East Texas 162 316 154 154§ 133 133
Yates 125 175 50 50 0 0
Elk Hills 1831 190* * 16 16 10 10
Tom O'Connor 59 65 6 6 0 0
Total Emergency
Capacity 406 326 323 143
*Represents maximum field capacity -- sustained production would be less, on

the order of 1,680 MB/D. Maximum pipeline throughput is about 1,600 MB/D.
tDeclines throughout year reaching 100 MB/D by year-end 198S5.
§Would require about $1 million expansion of the pipeline system.
YIScheduled average production rate for 1981.
**Tncreases to 206 MB/D by year-end 1981.

an additional 300 MB/D of field emergency capability (180 MB/D is
the expected sustained rate) could be made available immediately
(Figure 9), contingent upon the State of Alaska 0il and Gas Divi-
sion granting emergency production in excess of the current ap-
proved maximum offtake rate.

As noted in Figure 9, available Trans-Alaska Pipeline System
(TAPS) throughput would 1likely be less than emergency production
capability. The current mechanical capacity of TAPS is 1,420 MB/D
since recent startup of Pump Station #7. With the injection of
drag reduction additive (DRA), the pipeline had previously achieved
sustained throughput of up to 1,570 MB/D and, with Pump Station #7,
a slightly greater throughput might be possible (to about 1,600
MB/D). Sufficient supplies of DRA are available to provide this
level of throughput if it were required in an emergency situation.
When planned production from Kuparuk River field begins in early
1982, it will require substantially all of the incremental TAPS
throughput capacity above the Prudhoe Bay field offtake rate, and
for this reason, there will no longer be any surge capacity avail-
able from the Prudhoe Bay field. A further increase in throughput
would be possible only by providing pump additions which would con-
stitute a substantial pre-investment and require considerable lead
time for installation.
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At the beginning of 1985, the oil surge capability of the Prud-
hoe Bay field and its production facilities will be about 180 MB/D,
but there will be no surge capacity deliverable to the refineries
unless substantial pre-investment is made in pipeline facilities.

East Texas Field

Current production from the East Texas field is 162 MB/D lim-
ited by state allowables. In 1981, maximum short-term field capa-
bility in an emergency surge production situation is estimated to
be 316 MB/D, an increase of 154 MB/D above current allowable rates.
However, there is no surge capacity immediately available because
of saltwater disposal system and pipeline transportation limita-
tions. Approximately six months would be required to modify exist-
ing saltwater disposal facilities to attain the full incremental
emergency production. The ultimate pipeline capacity and the time
to attain the full capability is unclear at this time because of
the large number of operators with independent pipeline systems.

By 1985, East Texas is expected to be producing 113 MB/D, and
total field capability is assessed to be 246 MB/D. This potential
production is less than existing pipeline capacity and, therefore,
it is not limited by that segment of the system. However, salt-
water disposal requirements will be greater in 1985 than for a 1981
emergency production schedule, and at least seven months would be
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required to reach the incremental 133 MB/D of emergency surge pro-
duction in excess of MER.

Yates Field

The Yates field in Pecos and Crockett Counties of West Texas
currently produces at an MER of 125 MB/D, which was established in
1978. A recent request to the Texas Railroad Commission, still
pending, sought an increase in MER to 150 MB/D. In 1981, emergency
surge production from existing wells and facilities of 40 MB/D over
the present MER is estimated to be available immediately subject to
regulatory consent. Sustaining this surge capacity would require
investments for infield drilling and remedial well work. Increas-
ing the total surge capacity up to 50 MB/D would require the in-
stallation of expanded pressure maintenance waterflood operations.

Without significant pre-investment in field production facili-

ties before 1985, no emergency surge capacity is estimated to be
available from the Yates field at that time.

Naval Petroleum Reserves -- Elk Hills

Among the Naval Petroleum Reserves, only the Elk Hills field in
NPR-1 has significant emergency production capability. Currently,
expansion of facilities and initiation of further waterflood proj-
ects are under way to increase production from Elk Hills. These
projects are expected to result in an increase in the effective MER
to 190 MB/D by the end of 1981.

In 1981, the production facilities are estimated to be able to
provide an emergency surge capability of 16 MB/D. It is estimated
that this surge capacity could be produced on a temporary emer-
gency basis for at least nine months. This surge capacity could be
available as soon as the appropriate Congressional approvals were
received, which would be expected to take a minimum of 30 days.
With a total production including surge capability estimated at 206
MB/D by year-end 1981, the pipeline throughput capability may be a
constraint.

The Elk Hills production rate which meets the definition of MER
in the NPR Act will decrease to 135 MB/D by 1985 and will decline
steadily thereafter. Initial surge capability in 1985 of 10 MB/D
could be made available with Congressional endorsement, but this
capability would be expected to decline to about 6 MB/D after a
year of emergency production. Under the NPR Act, authority to pro-
duce NPR-1 expires April 15, 1982, unless the President submits to
the Congress, at least 180 days prior to the expiration date, a
certification that continued production is in the national inter-
est. If neither House disapproves the recommendation, production
can continue for an additional three years.
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Tom O'Connor Field

An emergency surge capability of 6 MB/D has been identified for
the Tom O'Connor field located in South Texas. Due to natural de-
cline, it is anticipated that there will be no emergency capability
in this field by 1985.

Regulatory Pre-Planning

The emergency surge production estimates provided herein assume
that numerous legal and regulatory restraints can be overcome to
permit field production levels in excess of the established offtake
limits or MERs. These limits have been imposed primarily to pre-
vent waste and promote conservation of natural resources and are
administered by state or federal regulatory agencies. It is be-
lieved that significant loss in ultimate recovery or reservoir dam-
age would not occur as a result of production at the identified
surge levels for short periods (e.g., up to 12 months). However,
in order to realize these surge capability potentials, state and
federal agencies will have to develop practical standby procedures
to respond promptly to the emergency situation.

In Texas, the Railroad Commission has this responsibility and
is empowered to issue emergency orders and thereby act in a very
short time. The Texas Railroad Commission is chartered to prevent
waste and protect correlative rights. In an effort to balance its
responsibilities, the Texas Railroad Commission would not likely be
in a position to take the prompt actions necessary unless it per-
ceived an emergency of major potential impact and national security
importance. Therefore, it is recommended that the Texas Railroad
Commission give pre-planning consideration to the level and period
of "above-MER" o0il production allowable in each field and to a
procedure for allocating the production increase to individual
properties.

It is also suggested that the State of Alaska 0il and Gas Divi-
sion be encouraged to develop a contingency production plan for
Prudhoe Bay to be used in the event of a national emergency. In
developing this plan, conservation hearings might be appropriate to
establish the production capability that could be sustained for a
six-month to one-year emergency without causing reservoir damage.
The pre-planning would permit a more rapid response by the State of
Alaska in setting an emergency offtake rate at the time of a decla-
ration of emergency.

For Elk Hills and all other Naval Petroleum Reserves, the pro-
duction rate is limited by Congressional order to the rate meeting
the definition of MER as contained in the NPR Act of 1976 (Public
Law 94-258). No specific numerical rate is established and, there-
fore, the field's maximum production changes constantly with facil-
ity installation and reservoir capability. In order to exceed this
effective MER, a waiver would have to be passed by Congress after
review by three or four committees; this procedure would require 30
to 60 days. It is recommended that Congress be encouraged to amend
the regulations to allow production in excess of MER with minimum
administrative delays and approvals once it has been determined
that emergency surge production is needed.
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Chapter Five

EMERGENCY GAS PRODUCTION

INTRODUCTION

The availability of both domestic and other North American
natural gas sources must be considered in planning for an interrup-
tion of petroleum imports. It is probable that any existing or
readily developed additional gas delivery capacity might be used as
an alternate fuel source in o0il or distillate burning facilities.

Additional gas deliverability may potentially be obtained from
several sources, including:

® Spare capacity in lower-48 fields

@ Accelerated deliverability through work programs in existing
fields

e Underground gas storage

® Production of associated or gas cap gas

e Increased imports from Mexico or Canada

e Liquified natural gas (LNG)

e Alaskan gas

e Nonconventional gas sources.
The magnitude of gas-producing capacity achievable from these
sources is difficult to assess exactly. An indication of produc-
tion potential can be developed based upon reserves, depletion
rate, and seasonal demand fluctuations. Each gas supply source is
sensitive to timing considerations, involving both the lead time to

develop capacity and the season during which an import disruption
might occur.

SUMMARY

The assessment of emergency gas production potential further
described within this report is summarized as follows:

e Additional gas demands due to oil-to-gas fuel switching in
the industrial and electric utility sectors total between
350 and 455 MB/D COE. This potential was 1identified 1in
Chapter Two and has been built into the various scenario
energy balances.

e In 1981, gas surge capacity should be able to provide the
additional 2.0 to 2.6 billion cubic feet per day supply
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during either winter or summer to meet the above-mentioned
demands. This would equate to a 4 percent increase in over-
all U.S. gas production.

In addition to satisfying the fuel switching demands identi-
fied in Chapter Two, gas production in the near term should
be able to supply another 220 to 350 MB/D COE, depending
upon the denial scenario and season of the year.

Sustained gas production above the levels noted would likely
require lead times greater than six months, or cause long-
term damage to o0il- and gas-producing or gas storage
reservoirs.

About 40 percent of the identified fuel switching capability
could be realized within one month, and total potential
could be obtainable within six months.

Developing winter gas surge capability would require in-
creased withdrawals from underground storage reservoirs.
Although feasible, gas supplies available for winter heating
may be compromised should significant volumes be needed in
early winter followed by colder than normal temperatures.

Limited underground gas storage capacity on the West Coast
will likely require transportation of additional gas from
the Gulf Coast during the winter to satisfy identified fuel-
switching potential in California.

Gas from associated reserves, imports, LNG, and Alaska
should not be expected to provide significant emergency pro-
duction potential prior to 1985.

The Fuel Use Act represents the most significant single leg-
islative or regulatory constraint to the utilization of gas
in an emergency and development of additional fuel switching
capability.

Elimination of various administrative delays in placing new
gas wells on production could make about 0.4 BCF/D (70 MB/D
COE) available in an emergency.

summary of emergency gas production potential under the

various crude o0il denial scenarios is presented in Table 35.

substitution potentials from Chapter Two for both the summer

winter seasons are shown on the upper half of the table.

combination of increased gas demand as a substitute fuel in

Gas
and
The
the

electric utility and industrial sectors and demand reductions
achieved through conservation efforts in the residential and com-
mercial sectors yield net gas demand increases ranging from 50 to

335 MB/D COE.

Additional summer gas demands can be met through an estimated
available swing potential of 600 MB/D COE. After the increased
demands identified in Chapter Two are met, an additional 265 to 350
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Chapter Two Assessments:

TABLE 35

1981 Emergency Gas Production

Gas Substitutions for 0il

Industrial
Electric Utility

Demand Reduct ions

Residential
Commercial

Total Demand Change

Gas Supply Potential:

Swing Capacity

Underground Storage
Immediately Usable

Total Supply Change

Incremental Available Gas*

(MB/D COE)

Scenario 1 Scenario 1A Scenario 2 Scenario 3 Scenario 4A Scenario 4B Scenario 4C
Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter Summer Winter
115 115 115 115 115 115 200 200 200 200 200 200 200 200
235 255 235 255 235 255 235 255 235 255 235 255 235 255
(90) (160) (90) (160) (90) (160) (90) (160) (90) (160) (90) (160) (90) (160)
(10) (160) (10) (160) (10) (160) (10) (160) (10) (160) (10) (160) (10) (160)
250 50 250 50 250 50 335 135 335 135 335 135 335 135
600 - 600 - 600 - 600 - 600 - 600 - 600 -
- 290 - 290 - 290 - 355 - 355 -— 355 - 355
600 290 600 290 600 290 600 355 600 355 600 355 600 355
350 240 350 240 350 240 265 220 265 220 265 220 265 220

*Assumes that no geographical constraints exist in applying demand reductions to additional gas demands.



MB/D COE is available in the summer should further fuel switching
potential exist. During the winter season, it is estimated that
the net increased demand in all the DOE scenarios can be satisfied
by additional production of storage zone working gas. These imme-
diately usable storage volumes were developed by reducing the total
estimated nationwide oil-to-gas substitution potential to account
for possible insufficient storage production capability in PAD V.,
As shown in Table 36, PAD V fuel switching potential varies be-
tween 160 and 180 MB/D COE depending upon import curtailment sce-
nario. Incremental emergency winter storage production 1in this
area is estimated to be no greater than 80 MB/D COE. Therefore,
total U.S. winter substitution potential has been reduced by either
80 or 100 MB/D COE, depending upon the scenario.

TABLE 36

PAD V Substitutability Reduction

PAD V
PAD V Emergency Storage
Substitutability Storage Capability
(MB/D) Production Reduction (MB/D)
Scenarios Capability Scenarios
Sector 1, 1A, 2 Others (MB/D) 1, 1A, 2 Others
Industrial 30k 50 %
Electric Utility 130 130
Total 160 180 80 80 100

*Assumed to be one fourth of total U.S. substitutability.

Assuming that no geographic considerations impede the applica-
tion of gas demand reductions to additional gas demands, incremen-
tal available winter gas volumes range from 220 to 240 MB/D COE.
These wintertime incremental capabilities are limited by constrain-
ing additional underground storage production to volumes usable for

fuel switching. Such a constraint is deemed reasonable since it
holds production from storage zones to about 30 percent of rates
that would totally deplete working gas margin in one winter. It

also provides a measure of conservatism to account for distribution
bottlenecks and possible problems in directly applying gas made
available through demand reductions to newly created needs.

DISCUSSION AND ANALYSIS
Gas Reserves and Depletion Rate Trends

As shown in Figure 10, remaining recoverable U.S. non-
associated gas reserves reached a maximum of 222 trillion cubic
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Figure 10. U.S. Non-Associated Gas Reserves and Depletion Rate.

SOURCE: Reserves of Crude Oil, Natural Gas Liquids, and Natural' Gasinthe United States and Canada as of December 31,
1979, API, AGA, and Canadian Petroleum Institute, Vol. 34, June 19802

RESERVES AT YEAR-END (TCF)
DEPLETION RATE—PERCENT OF RESERVES

feet (TCF) at year-end 1967 and have since steadily declined at
about 3 percent per year to 134 TCF at year-end 1979. During this
same period, the depletion rate (annual production divided by
remaining recoverable reserves) of non-associated gas increased
from 6 percent to over 12 percent per year. Correspondingly, the
reserve-to-production ratio (R/P) has declined from 16.3 to 8.2.

Table 37 provides a summary of 1979 gas reserve and production
information for both' the total United States and the lower 48
states. In order to address the most accessible and prudent source
of additional gas for use in an emergency, attention should be fo-
cused on lower-48 non-associated gas, which accounted for 16.2 TCF
of production in 1979. This gas was producing at an R/P equal to
8.0 years.

A recent presentation by the Gas Research Institute concerning
surge capability estimated that the overall lower-48 R/P of 8.3
could possibly be reduced to 7.5 years.l By limiting this addi-
tional potential to non-associated gas (excluding 34.0 TCF of re-
serves from associated reservoirs and underground storage), an
incremental 1.0 TCF per year (500 MB/D COE) could be realized above
1979 production during 1981. It would appear from the depletion

lHenry R. Linden, Statement on Gas Surge Capability and Gas
Substitutability for 0Oil, Gas Research Institute, October 1980, p. 3.
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TABLE 37

1979 Gas Reserves and Production

Year-End 1979 Production* Depletion Rate R/P*t
Reserves (TCF) (TCF) (Percent/Year) (Years)

-= United States =--

Non-Associated Gas 134.2 16.4 12.2 8.2
Associated Gas 55.8 3.5 6.3 15.9
Underground Storage 4.9 == == ==

Total 194.9 19.9 10.2 9.8

~- Lower 48 States --

Non-Associated Gas 129.0 16.2 12.6 8.0
Associated Gas 29.1 3.5 12.0 8.3
Underground Storage 4.9 == == ==

Total 163.0 19.7 12.1 8.3

*Excludes change in underground storage.
tReserve-to-production ratio.

SOURCE: Reserves of Crude 0il, Natural Gas Liquids, and Natural Gas in
the United States and Canada as of December 31, 1979, API, AGA, and Canadian
Petroleum Institute, Vol. 34, June 1980.

rate trend depicted in Figure 10 that a 14 percent rate of deple-
tion (R/P = 7) may be deemed a near-term maximum attainable, given
a certain amount of lead time to develop and implement acceleration
work programs. Such a depletion rate would mean that an incremen-
tal 2.2 TCF per year surge capability above the 1979 reference
non-associated production level may exist. It is questionable, how-
ever, whether such an increase in production could be sustained for
more than intermittent periods of time, or, in fact, even be real-
ized at any period of time other than during the summer.

Seasonal Gas Surge Capability

Another means by which gas surge capability may be approximated
involves the difference between peak winter and reduced summer
rates. This seasonal swing capacity provides a measure of addi-
tional gas availability in the event of a summer emergency. Figure
11 depicts a 1l3-year history of the seasonal difference in marketed
U.S. gas production.
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Figure 11. U.S. Marketed Natural Gas Production.

SOURCE: Natural Gas Production and Consumption Reports, Department ofthe Interior, Bureau of Mines; and Energy Data
Reports, Department of Energy, Energy Information Agency.

As shown, annual production peaks are generally realized during
February or March. U.S. natural gas production peaked in 1973
after increasing for several years. A review of the data in the
1972-1975 period would appear to indicate the establishment of a
declining producing capability trend and the end of any effective
seasonal peaking capability. In fact, these two conclusions were
reached in the 1974 NPC study entitled Emergency Preparedness for
Interruption of Petroleum Imports into the United States which
stated that "...production during the winter of 1974 suggests that
currently available swing capacity may be somewhat lower than that
available during 1973 and that producing capacity is declining."”

However, since 1975 the brief, apparent capacity decline trend
has ended and annual average marketed production has stabilized in
the 50-60 BCF/D range. With reduced deliveries and possibly some
supply improvement, the pronounced seasonal peaks have again become
evident. During the 1977-1979 period these maximum swings have
averaged 6.6 BCF/D. This would indicate that a maximum additional
6.6 BCF/D, or 1.2 MMB/D COE, could be available during the period
of minimum summer demand in the event of an emergency. 7Two impor-
tant limitations must be considered with regard to this potential
supply.

First, it must be emphasized that the aforementioned 1.2 MMB/D
COE summer swing capacity represents a maximum potential. More
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realistically, given the need for some brief lead time to build to
a maximum capacity and the sustainability of maximum production
rates through the summer, an average swing potential may more near-
ly appproximate 50 percent of a maximum, or 0.6 MMB/D COE (3.3
BCF/D). Based upon historical production trends, this emergency
capacity would only be available during the seasonal June through
October low demand period. This is shown in Figure 12. Assuming
that all swing capacity production was developed from non-
associated lower-48 reserves, the R/P predicated on annual produc-
tion would be lowered from 8.0 to 7.7 years.

80 l l I I
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Figure 12. U.S. Marketed Natural Gas Production.

SOURCE: Natural Gas Production and Consumption Reports, Departmentofthe Interior, Bureau ofMines;and Energy Data
Reports, Department of Energy Information Agency.

Second, the ability of consumers to utilize this capacity is
dependent upon their capability to convert from o0il to gas.
Although difficult to assess, this substitutability has been ad-
dressed in a recent Energy Analysis by the AGA.?2 In this eval-
uation, it was concluded that 65 percent, or 5.5 MMB/D COE, of the
total 1979 nontransportation use of o0il in the United States was
potentially replaceable. As a result of a member survey conducted
in 1979 by the AGA, it was determined that 1.1 of the 5.5 MMB/D COE
could almost immediately be displaced by gas.

2potential Substitution of O0il With Gas and Coal in Non-
Transportation Uses, American Gas Association, Energy Analysis
1980-10, August 28, 1980.
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Oil-to-Gas Fuel Switching Potential

In contrast, Chapter Two of this report estimates that a maxi-
mum oil-to-gas substitution potential of 510 MB/D exists. Of this,
250 MB/D is from the electric utility sector and 260 MB/D is from

the industrial sector. It therefore appears that estimated swing
potential could cover these increased gas demands during the sum-
mer. Should fuel switching potential be greater, it is question-

able whether additional gas-producing capacity could be developed
without lead times greater than the six months needed to implement
acceleration workover, drilling, and facility projects.

Another important consideration that arises involves the timing
required to effect fuel switching. This aspect is addressed 1in
Figure 13, which profiles the switching capability of wvarious
sectors.

LEGEND
RESIDENTIAL SECTOR
INDUSTRIAL SECTOR
ELECTRIC UTILITY SECTOR

0 3 6 9 12 15
TIMETO COMPLETE FUEL SWITCHING (MONTHS)
Figure 13. U.S. Oil-to-Gas Fuel Switching Capability

Based upon data developed in Chapter Two, the electric utility
sector 1is able to provide the most rapid response to conversion
needs, obtaining a oil-to-gas substitution potential of 250 MB/D in
about 45 days. The industrial sector fuel switching potential of
260 MB/D will require about six months to achieve. These two oil-
use sectors, therefore, should be able to substitute for about 210
MB/D after one month, and ultimately obtain the near-term maximum
potential of 510 MB/D in six months. This timing has been incorpo-
rated in the overall scenario balances developed in Chapter Two.

For the purposes of illustration, near-term residential sector
oil-to-gas conversion potential is also shown. This potential is
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small and requires a longer lead time. The 23 MB/D deemed achiev-
able within one year has not been included in the conversion
potential developed in Chapter Two. Development of residential
convertability is based upon a recent Energy Analysis published by
the AGA.3 This study indicated that 365,400 house-heating units
converted to gas during 1979, and 383,000 units were expected to be
converted to gas in 1980, based upon utility company forecasts.
Since 90 to 95 percent of these conversions are from oil to gas and
involve an average annual o0il consumption of 1,000 gallons, the
annual conversion potential of 23 MB/D is obtained. Although some
incremental conversions might be possible in an emergency, equip-
ment and manpower constraints would probably 1limit residential
conversions such that significant o0il replacements over and above
the 23 MB/D annual potential could not be realized. Concurrent
industrial conversion would also conflict with the residential to
jeopardize attainment of the 23 MB/D potential. On a longer term
basis, however, the AGA report states that 33 percent of the cur-
rent 16 million oil-heated homes have gas available for nonheating
purposes. If these homes converted to gas, an estimated 344 MB/D
could be saved.

In order to further explore gas production capability in view
of gas substitution and conversion potential identified in this
study, Figure 14 illustrates the annual gas supply change profile
developed in Chapter Two.

As shown by the broken lines in Figure 14, seasonal estimates
of available 1981 oil-to-gas conversions range from 350 to 455 MB/D
COE, offset by 320 MB/D COE of winter and 100 MB/D COE of summer
gas conservation measures in both the residential and commerical
sectors. These conservation (or demand reduction) measures result
in the increased gas demand profile shown by the solid lines. For
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Figure 14. Natural Gas Potential for Fuel Substitution.

3An Analysis of 0Oil-to-Gas Conversion Trends in the Residen-
tial Gas Spaceheating Market, American Gas Associlation, Energy
Analysis 1980-11], September 18, 1980.
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example, in Scenarios 1, 1A, and 2, the resultant increased gas
" needs are 50 and 250 MB/D COE for winter and summer, respectively.
These increases are required to satisfy the scenario balances de-
veloped in Chapter Two.

It would appear that summer swing capacity during 1981 can
probably cover the needed 350 MB/D (irrespective of demand reduc-
tions) in Scenarios 1, 1A, and 2, with perhaps an additional 250
MB/D COE of gas capability unused. In all other scenarios, summer
capacity would exceed estimated needs for oil substitution by about
165 MB/D COE.

During the winter, the net increased gas needs (after estimated
demand reductions) shown in Figure 14 range from 50 to 135 MB/D
COE. Meeting normal gas demands will generally preclude any swing
capacity during this time of the year. However, it is possible that
additional production from underground storage could provide needed
coverage for one winter season.

Underground Gas Storage

It has been assumed that gas injected to fill underground stor-
age during summer months would not be diverted to attempt replace-
ment of additional fuel o0il. This assumption is based upon:

@ The need to maintain normal storage operations to ensure
winter gas heating capability

e Lack of indicated need for additional summer oil-to-gas
conversion capability

e Possible transportation or distribution system bottlenecks
in moving gas scheduled for storage to customers with oil-
to-gas conversion capability.

Figure 15, however, illustrates the potential deliverability
associated with diversion of gas from storage. During 1977-1979,
production to storage reservoirs averaged 10.3 BCF/D (1.8 MMB/D
COE) during the May to September period when most injection occurs.
Given an extreme emergency, the ability to convert to gas, and ade-
quate distribution systems, any part of this production to storage
might be available to offset additional summer fuel o0il demands,
recognizing that a probable supply shortfall would occur the fol-
lowing winter.

Figure 16 depicts total gas in underground storage during the
1976-1980 period and illustrates the amount of stored gas consid-
ered to be either base or working gas. Base gas is the volume re-
quired in a storage reservoir to provide the pressure necessary to
cycle the normal working storage volume. Some of this volume may
be recovered when storage operations are ultimately terminated.
For example, although 6.3 TCF of gas is shown in storage reservoirs
as of December 31, 1979, only 4.9 TCF of this 1is deemed
recoverable.
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Figure 15. U.S. Marketed Natural Gas Production.

SOURCE: Natural Gas Production and Consumption Reports, Department of the Interior, Bureau of Mines; Energy Data
Reports, Department of Energy, Energy Information Agency, and Monthly Energy Review, Department of Energy, Energy
Information Agency.

Working gas is that amount shown above required base gas. This
gas is withdrawn from storage during the winter at maximum monthly
rates of between 15 and 20 BCF/D cycling nearly 2 TCF out of these
zones, usually between November and March. Although it would prob-
ably not be prudent to withdraw any base gas due to potential stor-
age reservoir damage, Figure 16 highlights a margin of unused
working gas that might be available to supplement supplies in a
winter emergency. During the past four winters this unused working
gas margin has averaged 1.28 TCF, reaching a maximum of 1.59 TCF
available in March 1980 due to increasing amounts of underground
storage coupled with the mild winter experienced in 1979-1980.

Assuming that the entire average 1.28 TCF working gas margin
was exhausted in one winter, this would indicate that an average of
8.5 BCF/D (1.5 MMB/D COE) could be delivered during the five-month
(November to March) season. Although the necessary distribution
systems may not exist to move this entire amount of gas to users
with oil-to-gas conversion capabilities, it would appear that the
incremental 0.8 BCF/D or 135 MB/D COE suggested in Chapter Two is
achievable.

However, predicating increased withdrawals from storage based
upon historical or "normal" winter conditions certainly poses some
risk. There may be justifiable reluctance to deliver significant
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Figure 16. U.S. Underground Storage.
SOURCE: Monthly Energy Review, Department of Energy, Energy Information Agency.

additional volumes from storage early in the winter season (Novem-
ber through January) with the expectation of normal weather condi-
tions. The use of working gas margin may, therefore, be limited to
the late winter or early spring in order to ensure adequate heating
supplies.

Given that additional production from storage is an effective
means to supplant o0il usage and that additional stored gas would
reduce the risk placed upon heating supplies, emergency planning
may have to consider the merits of increasing the nation's capacity
to deliver gas from storage reservoirs. A recent report by DOE
suggests the potential usefulness of developing a natural gas surge
production and delivery capability.4 While additional gas stor-
age may have some limited utility in mitigating o0il supply disrup-
tions, the analyses in this study indicate that, in most areas of
the United States, emergency oil-to-gas convertibility may be con-
strained not by gas supplies but by the availability of suitable
end uses.

4Reducing U.S. 0il Vulnerability, Department of Energy,
November 10, 1980, pp. 31-32.
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Geographic Distribution of Stored Gas vs. Substitution Potential

For reference, Figure 17 depicts a geographic distribution of
the 4.9 TCF of recoverable storage zone reserves as of December 31,
1979.

264.0

* piscellarenus storage totaling 214.6 BCF.

Figure 17. Underground Storage Reservoirs—Total Recoverable Reserves (BCF)
as of December 31, 1979.

SOURCES: Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas in the United States and Canada as of December 31,
1979, API, AGA, and Canadian Petroleum Institute, Vol. 34, June 1980.

The importance of oil-to-gas flexibility and adequate transpor-
tation facilities to effectively utilize additional storage volumes
in the northeast, midwest, and south central states is highlighted.
Regional 1981 oil-to-gas potential for the utility sector was de-
veloped in Chapter Two of this study. This potential totals 250
MB/D COE for the United States. A comparison of this capability
with stored gas reserves is shown in Table 38.

This comparison indicates, for example, that PAD V utility sub-
stitution potential of 130 MB/D COE is about 52 percent of the en-
tire U.S. capability. However, the 0.4 TCF of stored gas in PAD V
shown in Figure 17 is only 8 percent of the 4.9 TCF currently in
underground storage throughout the United States. A comparison of
these percentages has been used to detect potential geographic
areas of concern related to fulfilling the substitution potential
developed in Chapter Two.

As indicated, a reasonable geographic balance exists between
storage supplies and electric utility fuel o0il substitution poten-
tial, with the exception of PADs II and V. It would appear that
the only potential problem in achieving the estimated oil replace-
ment by using stored gas during winter months might occur in PAD V

(California). The problem may be further aggravated by a geo-
graphic variance in the residential/commercial sector gas energy
savings. It is reasonable to assume that the 320 MB/D COE winter
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TABLE 38

Geographic Comparison of 0Oil Substitution
Potential vs. Underground Gas Storage

1981 Electric Percentage of Total
Utility Potential Oil Substitution

Region Substitutions (MB/D COE) Potential Storage
PAD I 90 36 25
PAD II 20 8 46
PAD III 10 4 15
PAD IV - -— 6
PAD V 130 52 _ 8
Total U.S. 250 100 100

demand savings projected in Chapter Two would come mainly from mid-
western and northeastern states. This would largely negate use of
this source of incremental gas supply to supplement storage 2zone
production in California to meet estimated o0il replacement
potential.

Although finding enough gas to replace o0il during the winter in
the California area may be more difficult than in other areas of
the country, the data in Table 39 seem to indicate that some of the
requirements assumed in Chapter Two can be met.

Table 39 indicates that at the start of the 1977-1978 winter
season 172.3 BCF of working gas was available. Average storage
output for the years 1977 and 1978 was 107.5 BCF, leaving an aver-
age working gas margin of 64.8 BCF. Assuming a five-month winter
season, this would provide 0.43 BCF/D (76 MB/D COE) for utility
fuel switching from California storage zones. This is slightly
over half the utility switching potential used in Chapter Two.
Chapter Two also indicates that an additional 115 to 200 MB/D of
additional nationwide industrial fuel switching from o0il to gas is
possible in various scenarios. It is likely that whatever portion
of this potential resides in California may require transportation
of stored gas from the Gulf Coast and Midwest, utilizing the na-
tion's gas transmission system.

With regard to delivery capacity, the above data show that an
additional 1.0 BCF/D capacity exists on the day of maximum with-
drawal from storage. There would seem to be no difficulty moving
an additional 0.4 BCF/D to utility customers within California.

Unless additional gas can be moved to California during the
winter from either Canada or the southwest, it would appear that
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TABLE 39

California Gas Storage Data

Total Recoverable Stored Gas Reserves (12/31/77) 396.8 BCF*
1977 Working Gas Reserves 172.3 BCFt
1977 Output from Storage 84.9 BCFS§
1978 Output from Storage 130.1 BCFY
1977 Maximum Daily Output 3.5 BCF/D§
1977 Maximum Design Daily Deliverability 4,5 BCF/Dt

*Reserves of Crude 0Oil, Natural Gas Liquids, and Natural Gas
in the United States and Canada as of December 31, 1979, API, AGA,
and Canadian Petroleum Institute, Vol. 34, June 1980, p. 127.

tPetroleum Storage and Transportation Capacities, National
Petroleum Council, Vol. VI, December 1979, Appendix F.

§AGA Gas Facts: 1977 Data, American Gas Association, Depart-
ment of Statistics, 1978, p. 46.

Y{AGA Gas Facts: 1978 Data, American Gas Association, Depart-
ment of Statistics, 1979, p. 48.

fuel switching capability in PAD V will be limited to 76 MB/D.
However, the 1979 Petroleum Storage and Transportation Capacities
study by the NPC indicates that an annual average spare flow capac-
ity of 0.8 BCF/D exists from Texas to southern California. It is
possible that a portion of this spare capacity may exist during the
winter and could be used to transport Texas gas to California. Al-
though potential solutions exist, for the purposes of this study
the conservative estimate of 76 MB/D o0il equivalent winter surge
capacity is adopted for PAD V.

Geographic Distribution of Gas Reserves

Figure 18 illustrates the geographic distribution of the 194.9
TCF of total remaining U.S. recoverable gas reserves as of December
31, 1979. These reserves include non-associated, associated, and
underground storage gas. It is clear that the south central United
States and Gulf of Mexico are key to providing emergency gas vol-
umes, as they (New Mexico, Texas, Oklahoma, Kansas, Louisiana, and
the Gulf of Mexico) contain 82 percent of the nation's lower-48 gas
reserves.

Associated Gas Reserves

In addition to spare non-associated gas-producing capacity,
swing capacity, and underground storage, several other potential
sources of gas merit a brief discussion. Associated reserves (gas
cap gas in oil reservoirs) are 55.8 TCF (29 percent of total U.S.
reserves) as shown in Figure 19. This gas is being produced at a
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PROVED ASSOCIATED GAS RESERVES

AT YEAR-END (TCF)

* Miscellaraous reserves totaling 0.3 TCF.

Figure 18. Total Gas Reserves (TCF) as of December 31, 1979.

SOURCE: Reserves of Crude Qil, Natural Gas Liquids, and Natural Gas in the United States and Canada as of December 31,
1979, AP|, AGA, and Canadian Petroleum [nstitute, Vol. 34, June 1980.
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Figure 19. U.S. Associated Gas Reserves and Depletion Rate.

DEPLETION RATE—
PERCENT OF RESERVES PRODUCED EACH YEAR

SOURCE: Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas in the United States and Canada as of December 31,
1979, APl, AGA and Canadian Petroleum Institute, Vol. 34, June 1980.
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depletion rate of slightly more than 6 percent per year. Alaskan
gas added over 20 TCF to these reserves in 1970 and currently ac-
counts for 48 percent of associated reserves. Lower-48 reserves of
29.1 TCF are being produced on an R/P equal to 8.3, governed by
conservation measures to maximize ultimate oil recovery. Although
difficult to quantify, some additional gas cap gas could be pro-
duced in an extreme emergency. As a measure of additional capabil-
ity, a 5 percent increase in lower-48 associated gas production
would provide an additional 0.5 BCF/D (84 MB/D COE) of gas. This,
however, is not considered a viable plan due to reduction in ulti-
mate oil recovery and loss of pressure in oil reservoirs that might
decrease o0il production capability.

Additional Gas Sources

Gas surge capacity from sources outside the lower 48 states is
not considered to be available in any of the denial scenarios.
Such sources would include increased gas imports from Mexico and
Canada, and increased LNG imports. During the first four months of
1980, U.S. gas imports totaled 467 BCF (3.8 BCF/D), including 75
BCF of Algerian LNG. In an emergency o0il curtailment situation,
Canada would likely face denials along with the United States, and
therefore would attempt to employ their own gas subsitution plans
and not increase exports. During the 1981-1983 period, significant
increases in Canadian gas exported to the United States will prob-
ably not occur. Although gas reserves continue to be developed,
Canada has embarked on a determined effort toward energy self-
sufficiency. This program seeks to expand markets for their gas in
eastern Canada. Depending upon the success of these expansion ef-
forts and future reserve additions, it is conceivable that Canadian
gas exports probably will not be significantly increased during the
early 1980's, but may be available in greater volumes in the 1984~
1985 time frame.

Although Mexican reserves are significant, there exists no
capability to transport meaningful volumes of gas to the United
States. Pipeline installation would require a significant time and
investment commitment. Like Canada, Mexico's long-range plans
include maximizing domestic use of their gas reserves. This will
require substantial transportation system expansions within Mexico
during the 1980's. While this program develops within Mexico, it
would appear unlikely that significant volumes of Mexican gas would
be made available for the United States through 1985. LNG imports
cannot be counted on during an interruption in crude oil supplies
as near-term LNG exporters are likely to be supportive of any
planned oil export reductions by other Middle East nations. Alas-
kan gas, capable of providing an additional 2 BCF/D, will not be
available before the winter heating season of 1985-1986, the esti-
mated completion date of the Alaskan Natural Gas Transportation
System.

Gas Transportation Capability

National gas flow patterns are illustrated in Figure 20. This
chart was developed as part of the 1979 NPC study entitled Petro-
leum Storage and Transportation Capacities, which indicated that on
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a daily average basis, 68 percent of the design capacity of the
total network was utilized during 1977. Certain individual pipe-
lines may from time to time be fully utilized. However, the data
acquired by this study and pipeline flexibility demonstrated during
the winter emergency of 1976-1977 support the summary statement
that "...it is probable that new supplies could be connected to the
transmission system network and moved across the country with
existing facilities or minimal additions."> Absent the knowledge
of specific o0il customers with flexibility to convert to gas and
specific geographic areas of increased production, it is impossible
to state with certainty that transportation bottlenecks will not
occur. This is especially true during intermittent periods of peak
delivery in the winter, when portions of the nation's existing
transmission and distribution system may be filled to capacity.
Increasing dedication of gas to high priority, temperature sensi-
tive markets may occasionally restrict wintertime capacity to move
surge volumes. Attempting to identify specific potential bottle-
necks is considered to be beyond the scope of this study.

Since fuel switching to gas depends on the ability of the pipe-
lines to move it, any program to be implemented needs a careful
analysis of the pipelines involved to determine their capability.
However, based upon the data developed in the 1979 NPC study and
upon the fact that annual U.S. gas production has declined about 3
TCF since the early 1970's, it can generally be assumed that avail-
able gas surge production will not exceed spare transportation
capability.

The recently proposed concept of a "white market program" may
provide some impetus toward expanding gas markets, encourage fuel
switching capability, and also permit greater efficiency in the
transportation of gas among consumers. The issues associated with
gas entitlement sales by distributors and end users should be pur-
sued by the Federal Energy Regulatory Commission (FERC) with oil
replacement potential in mind.

Legislative and Regulatory Constraints

Some legislative and regulatory constraints exist which would
limit the supply and utilization of emergency gas. The Fuel Use
Act represents the greatest immediate obstacle towards increasing
the use of natural gas in an emergency. Exemptions to the prohibi-
tion of increased gas use were granted during 1979 and 1980, and
additional exemptions will be needed to realize the oil-to-gas sub-
stitution potential in Chapter Two. However, these exemptions do
not provide for continuing use of natural gas as a replacement for
oil. The removal of end-use restrictions would allow expansion of
natural gas markets and be beneficial from the standpoint of future
gas availability in an emergency.

SPetroleum Storage and Transportation Capacities, National
Petroleum Council, December 1979, Volume VI: "Gas Pipelines,"

p. 4.
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Various state and federal regulatory bodies may be able to pro-
vide a small measure of additional supply in an emergency by ensur-
ing that all allowable restrictions that might be removed on a
temporary basis are implemented. For example, allowables reduced
as a result of previous overproduction could be suspended during an
emergency, and administrative delays associated with 1initiating
production from new gas wells (i.e., Natural Gas Policy Act filings
and allowable paperwork) could be eased or eliminated in an emer-
gency. Assuming that a one-month administrative delay could be
eliminated during an emergency, an estimated 0.4 BCF/D (70 MB/D
COE) could be made available from new wells based upon historical
drilling statistics.
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Chapter Six

EMERGENCY REFINING OPERATIONS

INTRODUCTION

Under emergency conditions involving substantial denial of
imported crude o0il and products, U.S. refiners will have to make
major operational adjustments in product yields, the overall level
of equipment utilization, the mix of crude oils processed at indi-
vidual refineries, and the typical specifications for some prod-
ucts. The objective of this chapter is to determine if refiners
have adequate flexibility to meet the anticipated emergency condi-
tions, to identify 1likely operational problems, and, where such
problems can be anticipated in advance, to recommend appropriate
rapid government response contingency plans as a preparedness step.

SUMMARY

The combined net impact of the loss of imported oil supplies
and product demand savings through conservation measures will re-
quire adjustments in refinery product yields. To the extent that
demand reductions can be proportionally achieved for all products,
the required adjustment in refinery yields is obviously minimized.
On the other hand, U.S. refineries have substantial capability to
adjust yields, and this capability can be utilized to selectively
take the shortfall in products which have the least adverse impact
on the nation. It is 1likely that the national interest would
require that a major portion of a severe shortage be taken by re-
duced gasoline consumption in the automotive transportation sector.
Therefore, a realistic estimate of the refining industry's ability
to reduce gasoline yields while severely curtailing crude oil runs
is required.

Refinery flexibility to reduce gasoline yields was analyzed by
the NPC Committee on Refinery Flexibility with the aid of a linear
programmed (LP) computer model validated with available refiner{
survey data to reasonably simulate the U.S. refinery industry.
Studies using this model indicate that in the event of an import
supply interruption in the range of 2 to 5 MMB/D, there is suffi-
cient flexibility in the U.S. refining system to reflect up to 75
to 80 percent of the volume loss in reduced motor gasoline output.
This level of flexibility would be adequate to meet the desired
emergency product slate for all scenarios defined for this report.
Such flexibility represents a maximum level and assumes no re-
straints on commercial trading of crude oils, unfinished oils, or
products among refiners to optimize operations. Also, in practice,

lRefinery Flexibility, National Petroleum Council, December
1980.
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some lead time would be required to accommodate the necessary
changes in operations and redistribution of crude oils and feed-
stocks. No changes in product specifications were assumed; how-
ever, to help ensure that such flexibility can be achieved in
practice or possibly increased in some locations, the development
of emergency standby specifications for distillate fuels and heavy
fuel oil is warranted as a preparedness step.

The cutoff of imported products could also require adjustment
in product yields. All of the emergency scenarios assume that over
60 percent of the reduction in product imports will be in heavy
fuel oil imported into the East Coast. The loss of other imported
products will have only a minor impact on refinery yield adjust-
ments. The January 1979 NPC Survey of Petroleum Refining Capabili-
ties shows that adequate refinery flexibility exists to make up the
shortfall in heavy fuel o0il at the expense of other products if an
appropriate relaxation of sulfur specification is granted. How-
ever, as developed in Chapter Two of this report, the potential
demand savings for heavy fuel o0il are substantial. In some situa-
tions, the demand savings for heavy fuel o0il may exceed the product
denial, indicating that yields of heavy fuel o0il must be slightly
reduced under emergency conditions rather than increased. A reduc-
tion in heavy fuel o0il yields could be achieved by continuing to
operate coking capacity at relatively high levels as overall crude
0il runs are reduced. Also, if an emergency relaxation of sulfur
specifications were granted, refiners would have more flexibility
to divert distillate stocks from fuel o0il blending and increase
production of other products.

Equipment Utilization

A major crude o0il curtailment may reduce average utilization of
some refinery processes, such as crude oil distillation, to near or
below minimum operable levels. Commercial activities to achieve
efficiencies through processing agreements, crude oil or product
exchanges, and similar arrangements would be essential to enhance
overall refining flexibility and should be encouraged by government
action.

Crude 0Oil Substitution Flexibility

A comparison of the estimated quality of the denied imported
crude o0il mix shows it to be slightly higher in sulfur and slightly
lighter than the pre-denial imported crude o0il mix. This would be
favorable in helping to rebalance crude o0il runs and meet sulfur
content specifications of products. It appears that PAD I-IV re-
fineries could be rebalanced from a crude o0il quality perspective
through a redistribution of the remaining imported crude oil and
the Alaskan North Slope crude oil diverted from PAD V.

Product Specifications

It is doubtful that all sulfur specifications could be met
under emergency conditions for operational reasons. Hydrogen for
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desulfurization processes is normally produced as a byproduct of
reforming naphtha to produce high octane components for gasoline.
As reformer feed rates are reduced both by the crude oil denial and
the selective reduction of gasoline yields, hydrogen supply in many
refineries is likely to be inadequate to meet the needs for desul-
furization. This is a potential problem which is highly dependent
upon the specific individual refinery processing configuration.
The standby availability of a government-approved plan for sulfur
specification relaxations on fuel o0ils which could be quickly im-
plemented would greatly facilitate emergency preparedness.

The need for standby emergency specifications for diesel fuel,
jet fuel, and heating o0il has been reviewed with the appropriate
committees of the American Society for Testing and Materials. ASTM
is the proper organization to establish emergency specifications
and has authorized steps to develop such specifications and rapid
response balloting procedures quickly.

Conclusions and Recommendations

@ U.S. refiners appear to have adequate processing flexibility
to meet the desired emergency product slate for all sce-
narios defined for this report, but a lead time of several
months would be required to accommodate the necessary
changes in operations to fully utilize the maximum
flexibility.

e Future trends toward more high sulfur crude o0il processing
capacity, increased use of diesel as a transportation fuel,
and installation of heavy o0il processing capacity by more
refiners due to displacement of heavy fuel o0il by coal
should directionally improve the emergency flexibility of
U.S. refiners.

e During a severe crude oil disruption, extensive temporary
shutdown of processing facilities may be necessary and
desirable to efficiently operate onstream equipment above
minimum operable rates and to reduce refinery energy
consumption.

e Emergency management plans which restrict the ability to
make commercial arrangements between refining companies such
as crude oil and unfinished oil processing agreements, crude
0il and product exchanges, and sales or purchases would in-
hibit the ability of refiners to meet the desired emergency
product slate.

e Efforts by ASTM to develop standby emergency specifications
for diesel fuel, burner fuels, and jet fuel should be sup-
ported and encouraged. Standby adoption by common carriers
and states of all emergency specifications would ensure a
smooth transition to emergency quality levels during a
crisis.
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® Under emergency conditions, many refineries could possibly
have difficulty in meeting sulfur content specifications on
products while preferentially minimizing gasoline produc-
tion. Therefore, consideration should be given by govern-
ment to regulatory procedures for emergency relaxation of
environmental sulfur content specifications on heavy fuel
and distillate products to ensure that waivers can be
granted within a reasonable response time. Also, statutory
or other remedies should be considered to remove the exist-
ing 120-day limit on sulfur content waivers under the Clean
Air Act.

® Regulatory restrictions on the use of the octane additives
TEL and MMT should be relaxed under emergency conditions to
gain energy savings.

DISCUSSION AND ANALYSIS

Refinery Product Yields

Product balances were developed for refineries in PADs I-IV and
PAD V for 1981 to estimate desired emergency production for Sce-
nario 3, which is essentially the same as Scenario 4 over the full
12-month disruption period. It would seem that in later years,
emergency scenarios will gradually become easier to meet from the
point of view of refinery flexibility, as capacity to handle high
sulfur crude oil increases and as diesel displaces gasoline in the
transportation sector (i.e., sweet crude oil can readily be run in
sour crude oil refining capacity, and curtailment of transportation
fuel use would reduce distillate as well as gasoline demand). Also
based on recent public announcements, coking capacity is projected
to increase rapidly, providing more refiners with the flexibility
to upgrade heavy fuel o0il released through demand savings steps.
Therefore, an early year such as 1981 should be a more severe test
of emergency refinery flexibility than 1985 or 1990. Also in the
later years, the United States should have more crude o0il in secur-
ity storage to reduce the impact of a crude oil denial.

To calculate the 1981 refinery yield balances, pre-denial total
product demands were reduced by domestic natural gas liquids pro-
duction and product imports to give required pre-denial products
production from U.S. refiners. These production levels for each
product group were then adjusted to the desired emergency produc-
tion level by adding the volume of imported product denied and sub-
tracting the projected product demand savings, assuming that such
savings are achieved on a geographic basis in direct proportion to
pre-denial product demand. To balance with available crude oil
supply, all additional demand reductions were taken entirely in
gasoline. This procedure thus calculates the maximum degree the
shortfall would be taken in gasoline. These balances for PADs I-IV
and PAD V are shown in Tables 40 and 41, and are summarized 1in
Table 42.
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TABLE 40

PADs I-IV Demand and Refinery Output Balances
Scenario 3 —-— 1981

(MB/D)
Estimated Required

Pre-Denial Imported Emergency to Net Denial

Domestic Refinery Product Demand Balance Refinery
Product Demand NGL Imports Output Denial Savings Supply Output
Mogas 5,604 (600) (110) 4,894 70 (875) (860) 3,229
Jet 748 -- (40) 708 30 (60) - 678
Distillate 2,962 - (150) 2,812 85 (330) - 2,567
HFO 1,870 -- (700) 1,170 405 (580) - 995
Other 3,567 (970) (460) 2,137 0 - - 2,137
Total 14,751 (1,570) (1,460) 11,721 590 (1,845) (860) 9,606

Percentage Reduction Taken in Gasoline =

4,894 - 3,229 x 100% = 78Y%

11,721 - 9,606
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TABLE 41

PAD V Demand and Refinery Output Balances
Scenario 3 —-- 1981

(MB/D)
Estimated Required

Pre-Denial Imported Emergency to Net Denial

Domestic Refinery Product Demand Balance Refinery
Product Demand NGL Imports Output Denial Savings - Supply Output
Mogas 1,004 - (10) 994 10 (155) (155) 694
Jet 300 - (60) 240 - (25) -- 215
Distillate 343 - (20) 323 - (40) - 283
HFO 375 - (20) 355 - (120) -- 235
Other 331 - (10) 321 - - - 321
Total 2,353 - (120) 2,233 10 (340) (155) 1,748

Percentage Reduction Taken in Gasoline = 994 - 694 x 100%Z = 627

2,233 - 1,748



TABLE 42

Summary of U.S. Refinery Operations
in Pre-Denial and Emergency Mode

Scenario 3 -- 1981
PADs I-IV PAD V
Refinery Output
Pre-Denial (MB/D) 11,721 2,233
Emergency (MB/D) 9,606 1,748
% Reduction 18.0 21.7

Pre-Denial Emergency Pre-Denial Emergency

Refinery Yields
(% of Output)

Mogas 41.8 33.6 44.5 39.7
Jet 6.0 7.1 10.7 12.3
Distillates 24.0 26.7 14.5 16.2
HFO 10.0 10.4 15.9 13.4
Other 18.2 22.2 14.4 18.4

% of Shortfall Taken
in Mogas 78 62

Approximate Emergency
Crude 0Oil Run % of
Rated Capacity 63 56

The overall yield patterns should be within the physical capa-
bility of the refining industry. Based on computer model studies,
the capability exists to take about 75 to 80 percent of the short-
fall in gasoline; the required operations are within this range (78
percent in PADs I-IV and 62 percent in PAD V). Therefore, adequate
emergency flexibility should exist, but refineries in PADs I-IV
would be operating at maximum gasoline deconversion capability.
Adequate lead time will be required to accommodate the necessary
changes in refinery operations and redistribution of crude oil sup-
plies and other feedstocks. Depending upon the situation, a tran-
sition period of several months would be required for assessment,
modification of operating plans, and negotiation of commercial
arrangements.
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The petrochemical industry also has some flexibility to vary
feedstock mix which will be valuable in an emergency. For example,
olefin plants designed to crack 100 percent ethane can handle about
20 percent propane; plants feeding 100 percent propane can handle
about 20 percent ethane. A plant designed to crack light naphtha
can easily accommodate up to 50 percent butane and 10 to 15 percent
propane. And, perhaps most importantly, about 30 percent light
naphtha could be substituted for heavier gas oil feeds. This flex-
ibility will be needed to maintain reasonable levels of petrochemi-
cal feedstock supply as overall refinery runs are curtailed.

The availability of wider range emergency specifications for
distillate products would provide an added degree of assurance that
the theoretical product yield flexibility calculated from the com-
puter studies can actually be achieved. Also, if additional crude
0il supplies are made available from emergency domestic production
or security storage, they could be used to help restore gasoline
production and thus increase gasoline yields to more manageable
levels.

Equipment Utilization

Under Scenario 3 emergency conditions, petroleum refineries
will be operating at very low levels of capacity utilization --
about 63 percent of crude o0il distillation capacity in PADs I-IV
and 56 percent in PAD V. The utilization is lower in PAD V largely
because a major portion of the shortfall is taken in gasoline and
the normal West Coast product demand mix is 43 percent gasoline vs.
38 percent for PADs I-IV.

At these low levels of capacity utilization, some refinery fa-
cilities may be below minimum operable levels. The minimum oper-
able rate for refinery units can vary widely depending upon the
process and design. Some units may run into operability problems
at 80 percent of capacity (i.e., turndown of 20 percent); other
units are operable at 50 percent of capacity and perhaps even low-
er. Furthermore, energy efficiency at the lower levels can be
expected to deteriorate rapidly in most units due to internal re-
cycling to maintain operability and other inefficiencies. There-
fore, to reduce energy consumption, refiners will find it desirable
to temporarily shut down many processing units, especially in re-
fineries with multiple-train processing units.

Product and crude oil exchange arrangements, toll processing of
crude o0il, and other commercial arrangements could become more
important in efficiently meeting emergency demands and in helping
to maintain the economic viability of all segments of the refining
industry. For example, two single-train refiners, each with a vol-
ume of crude o0il equivalent to about 50 percent of rated capacity,
might find a crude o0il toll processing arrangement to be of mutual
benefit. Any regulatory action which restricted such arrangements
could adversely affect the ability of refiners to cope with the
emergency. The design of standby allocation controls will have to
take into account these various commercial arrangements, which may
be far more extensive than in former, 1less severe o0il supply
emergencies.
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To better understand the operational problems that might be
typically encountered at 1low levels of capacity utilization, a
special analysis was made for a small, single-train, high conver-
sion refinery. The following conclusions were derived:

The crude oil distillation unit could be turned down to as
low as 55 percent of rated capacity assuming a constant
crude oil mix, but about 60 percent of rated capacity was

judged to be a more realistic minimum level. A minimum
quantity of light crude o0il was required to maintain accept-
able distillation efficiency. Substitution of more heavy

crude o0il would require recycling of naphtha and distillate
streams or periodic shutdowns to achieve higher onstream
rates.

Selectively reducing gasoline production required periodic
shutdown of the reformer. Reductions in gasoline production
could account for as much as 72 percent of total production
cuts by extending reformer shutdowns.

The hydrogen required for desulfurization and hydrocracking
was available from a hydrogen plant. Relaxation of sulfur
specifications would have been required if the refinery had
no hydrogen plant. With the hydrogen plant, however, sulfur
specifications are not critical, but their relaxation would
still reduce refinery fuel consumption and increase product
output. An additional allocation of natural gas would also
be required to operate the hydrogen plant. A hydrogen
source other than naphtha reforming clearly increases over-
all refinery flexibility. It should be pointed out, how-
ever, that most refineries in the United States do not have
a hydrogen plant; therefore, most could be less flexible in
meeting sulfur specifications, and waivers would 1likely be
required or the ability to preferentially reduce gasoline
yields would be limited.

No other refinery units would require periodic shutdowns
until crude o0il rates dropped to 50 percent of rated
capacity.

With reduced crude o0il runs, spare coking capacity was
available. This capacity could be utilized to make higher
priority products from heavy fuel o0il by purchasing crude
0il residuum from local refineries which 1lack coking
capacity.

Additional diesel fuel could be produced by relaxing the
specifications for maximum distillation temperature at 90
volume percent and minimum cetane number. Additional jet
fuel could be produced by relaxing the aromatic limit and
flash specification.

In order to minimize gasoline yield, relaxation of the cur-
rent lead level restriction (0.5 grams of lead per gallon)
would be desirable to permit extended shutdown of the
reformer.
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@ Turndown of all refinery units would significantly reduce
operating efficiency and result in increased energy consump-
tion. Increased fuel consumption due to high turndown in a
single-train refinery was estimated to increase by an amount
equivalent to 2.4 percent of crude oil runs. Of course,
multiple-train refineries could operate more efficiently at
low throughputs by shutdown of processing units.

e In the refinery's particular geographic area, exchange of
crude oils, intermediate feedstocks, and products would be
essential to optimize utilization of available resources.

Although no two refineries are alike and each will have unique
problems in coping with a major crude oil curtailment, this example
illustrates the need for a regulatory environment which allows max-
imum operational and commercial flexibility. The importance of
commercial arrangements in meeting emergency needs has also been
demonstrated by experiences such as the 1973-1974 Arab o0il embargo
and the extremely cold winter of 1976-1977. Rapid negotiation of
crude o0il trades and spot product exchanges and purchases were
critical in successfully avoiding customer runouts. During recent
years, the number of companies engaged in petroleum trading has in-
creased. Many small refiners, trading companies, and brokers have
expertise in trading and logistics, thereby increasing the ability
to quickly react to emergencies.

Crude 0il Substitution Flexibility

During the denial period, considerable adjustments would be
required to rebalance refinery runs with suitable quality crude
0il. East Coast refineries which are running 100 percent imported
crude oil will have to make the largest adjustment. A logical and
efficient step would be to divert Alaskan North Slope crude o0il or
other available imported crude oils to East Coast refineries.
Available information suggests that this substitution should be
practical with no major incompatibility with regard to crude oil
quality. Data from the 1979 NPC petroleum refining capabilities
survey show that in 1980 refineries in PAD I were designed to pro-
cess the crude o0il mix described in Table 43. The major con-
straints restricting the processing of higher sulfur crude oil 1in
PAD I are environmental, as itemized in Table 44.

Thus, 1if necessary in an emergency, environmental restraints
could be relaxed to substantially expand capability to refine high
sulfur crude oil. It should be noted that the impact on the envi-
ronment would be offset to an undetermined extent by the lower
level of crude oil runs and the overall reduction in consumer burn-
ing of fuels due to the shortage.

A further consideration is the mix of the crude oil shortfall,
as shown in Table 45. The denied crude o0il is higher on the aver-
age in sulfur and slightly lighter than the estimated pre-denial
imported crude oil slate. The largest volume of crude oil lost is
in the high sulfur 1light category -- a quality 1level such as
Arabian Light crude o0il, for example. Alaskan North Slope crude
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TABLE 43

Crude 0il Mix of PAD I Refineries

Crude 0il Capacity Percentage of
Crude 0il Type (MB/D) Total Capacity

Sweet 910 47
Light Medium Sulfur 21 1
Heavy Medium Sulfur 51 3
Light High Sulfur 491 25
Heavy High Sulfur 379 20
Other Feedstocks 90 4

100

TABLE 44

Restraints to Processing High Sulfur Crude 0Oil in PAD I

Refineries Restrained

Capacity

Restraint Number (MB/D)

Sulfur Content of Products 13 1,251
Sulfur Content of Refinery 9 809
Air Emissions 8 882
Effluent Water Quality 1 42
Metallurgy 4 363

0il can usually be substituted for crude oil similar to Arabian
Light without much difficulty. A comparison of the qualities of
these crude oils is shown in Table 46.

Substitution of Alaskan North Slope crude o0il would tend to
help on sulfur restrictions and minimizing gasoline yield. Some
600 MB/D of additional Alaskan North Slope crude o0il would be
available to PADs I-IV to balance a 3,200 MB/D national shortfall.
Redistribution of about half of this crude o0il to East Coast refin-
eries and the remainder to PAD II and' PAD III refineries would
achieve a geographic balance and appears to be feasible from an
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TABLE 45

Emergency Crude Oil Mix

Assumed Quality of Estimated Quality of

Crude 0Oil Type Crude 0Oil Denied (%) Pre-Denial Imported (%)
Low Sulfur 37 43
Medium Sulfur

Light 7 7

Heavy - 4
High Sulfur

Light 45 32

Heavy 11 _14

Total 100 100

TABLE 46

A Comparison of Arabian Light and Alaskan North Slope Crude Oils

% %
-°API Naphtha Bottoms Yield
Gravity Wt % Sulfur Cg to 350°F 1,050°F+
Arabian Light 32.36 1.5-1.8 28 11-14
Alaskan North Slope 27.6 1.02 18 17

operational perspective. Of course, a more complex redistribution
of remaining imported crude o0il, as well as Alaskan North Slope
crude o0il, could result 1in greater efficiencies and have other
advantages. Overall, however, reasonable alternatives for rebal-
ancing of crude oil supply to PAD I-IV refineries are available. A
potential problem could be reducing heavy fuel o0il yields if large
potential demand savings for heavy fuel o0il are realized. This
could be handled through shipments of heavy fuel 0il between refin-
eries for further processing in spare coking capacity and by relax-
ing the sulfur specifications to allow withdrawal of distillate
stocks from the heavy fuel o0il blends.

Product Specifications

Distillate Fuel Specifications

Diesel engines vary widely in size and end-use application.
Diesel fuels also vary 1in specific fuel characteristics. The
American Society for Testing and Materials Committee D-2 for Petro-
leum Products and Lubricants has established specification ASTM
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D975 to classify three grades of diesel fuels -- No. 1-D, No. 2-D,
and No. 4-D. Specification ASTM D396 also classifies various
grades of light and heavy fuel oils. These specifications are used
as a guide by consumers to specify and purchase fuels with certain
minimum qualities in order to ensure acceptable operation in their
particular operating environment.

As illustrated in Table 47, if one compares the current average
industry distillate quality based on Department of Energy surveys
with the ASTM No. 2 Diesel and No. 2 heating oil specifications, it
appears that many distillate suppliers are producing fuels at a
higher quality than is required by the minimum ASTM specifications.

TABLE 47

Quality of Distillate Fuels

ASTM Actual Quality from DOE Surveys
Test Specifications Minimum Average Maximum

No. 2 Heating Oil

Gravity (°API) 22.9 35.0 45,7
Flash Point (°F) 100 Min. 130 - 210
Pour (°F) 20 Max. -40 - 10
90% Point (°F) 640 Max. 539 590 638

No. 2 Diesel

Gravity (°API) 29.8 36.0 46.8
Flash Point (°F) 125 Min. 125 - 212
90% Point (°F) 640 Max. 448 580 637
Cetane 40 Min. 40 49 66

Increased distillate volume would be available if actual qual-
ity levels more closely matched the appropriate "allowable" levels
in the ASTM D975 and D396 specifications. In a state of severe
product shortages for a limited period of one year or less, some
relaxation of the distillate specifications is probably acceptable
in the areas of flash, boiling range, viscosity, sulfur content,
and cetane number. However, it should be noted that research re-
sults are limited as to the long-term engine effects of the lower
quality.
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Jet Fuel Specifications

A December 1977 study by Exxon that was presented to the ASTM
showed that a significant increase in the volume of kerosine-type
jet fuel 1is theoretically possible by lowering the flash point
below 38°C (l1l00°F), the present specification limit. The gain for
Jet A fuel is 10 to 18 percent for 32°C (90°F) flash point and 22
to 30 percent for 27°C (80°F) flash point. Other fuel properties
such as freezing point, aromatics, smoke point, sulfur content, and
viscosity become less critical as the flash point is lowered and
light hydrocarbons are included in the jet fuel. The desirability
of reducing the flash point of Jet A below 100°F continues to re-
ceive attention in ASTM.

More flexible specifications are represented by Jet B (commer-
cial equivalent to Military JP-4) which is a wide cut blend of
naphthas and kerosine. Fuel of this type is in wide use by the
military and has been used by commercial airlines when justified by
economics or availability. Safety considerations related to 1low
flash point, flammability, characteristic static electricity, crash
hazard, etc., are well documented, with technology available for
meeting safety requirements.

Establishment of Emergency Specifications

ASTM is the nation's primary management system for the develop-
ment of voluntary specifications for petroleum products, as well as
other materials, and is the appropriate organization to establish
emergency specifications to help cope with a major petroleum short-
age. The ASTM develops specifications through a full-participation
procedure in which all parties, including producers and users, are
fairly represented on the committee writing the specifications.
Such specifications, written by representatives from all affected
segments of society, are more likely to be used.

Representatives of the ASTM Technical Committee D-2 on Petro-
leum Products and Lubricants and its subcommittees on Burner,
Diesel, and Gas Turbine Fuel Oils (Technical Division E) and Avia-
tion Fuels (Technical Division J) have been briefed on the activi-
ties of the NPC Committee on Emergency Preparedness. The NPC has
affirmed support for ASTM actions to draft emergency specifications
on distillate fuel o0ils and jet fuel and to develop a rapid re-
sponse mechanism for approval through balloting if the need arises.
ASTM Technical Divisions E and J have responded favorably with
documentation of plans to draft emergency specifications. Also, a
rapid response arrangement has been approved which will allow bal-
loting of emergency distillate fuel specifications within three to
five weeks of a request instead of the 18 months required for the
normal procedure.

It is noteworthy that emergency specifications for gasoline
have already been approved by the Subcommittee on Gasoline (Techni-
cal Division A). These specifications raise the 90 percent maxi-
mum boiling point for leaded fuels from 374°F to 383°F, raise the
maximum final boiling point from 437°F to 446°F, and generally
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raise the maximum Reid vapor pressure by 0.5 psi. Raising the gas-
oline end point would increase gasoline availability at the expense
of jet fuel, which might be generally undesirable. In specific
cases, however, such a move might provide important refiner flexi-
bility. The important aspect of the emergency specifications for
gasoline is the higher vapor pressure. One half pound in vapor
pressure increases gasoline yield by 1 percent if normal butane is
used for pressuring. If all refiners met the emergency vapor pres-
sure specifications, gasoline availability could be increased by
120 MB/D, assuming gasoline production of 4 MMB/D. This would be
especially significant if butane supplies become surplus as demand
for gasoline blending decreases sharply while production from nat-
ural gas processing plants may slightly increase due to emergency
gas production. All pipelines and many states have gasoline speci-
fications including a vapor pressure specification. If an emergen-
cy gasoline specification is to have significance, pipelines and
states should also adopt the emergency specification on a standby
basis.

Environmental Sulfur Content Specifications

Air pollution legislation has been in effect for many years now
and has evolved into specific sulfur limits on heavy fuel o0il for
small geographic areas. Appendix K, Exhibit 1, summarizes the cur-
rent maximum allowable sulfur content. These limits are a part of
the State Implementation Plans (SIP) that were required under the
Clean Air Act. Under Section 110 of this act, in order to obtain
emergency waivers it 1is possible for fuel users to petition the
governor of a state to petition the President of the United States
to declare a product supply emergency. If the President, in con-
sultation with the Environmental Protection Agency (EPA) and DOE,
agrees and acts, the governor of the state can waive the SIP and
raise the maximum sulfur level within a given area for a specified
period of no more than 120 days. This procedure has only been
fully utilized once and has some potential for delay. Also, the
emergency must be in existence before waivers can be granted and
there is some question as to how to extend waivers if the emergency
conditions persist longer than 120 days.

Based on work on emergency refining operations, it is antici-
pated that many refiners may have difficulty in producing adequate
hydrogen for their desulfurization processes while severely cur-
tailing gasoline production and would require sulfur content waiv-
ers for heavy fuel o0il and perhaps distillate fuels. Where such
problems can be anticipated in advance, it seems prudent to con-
sider an appropriate rapid response contingency plan as a prepared-
ness step.

The NPC has requested the assistance of the DOE in assessing
the regulatory aspects of this problem, and a description of the
sequential procedure for consideration of requests for emergency
suspensions of State Implementation Plans under Section 110 of the
Clean Air Act was developed (Appendix K, Exhibit 2). Based on con-
sultation with the EPA, it appears that a response time of about
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three weeks would be required from the governor's notice and oppor-
tunity for public hearings to a Presidential declaration of a
regional or national emergency of such severity that a temporary
suspension of any part of a State Implementation Plan may be imple-
mented. This response time for implementation may be lengthened by
the time required for the affected owner or operator of a station-
ary source to make application requesting that his governor peti-
tion the President. Also, there are two factual findings which
must be made by a governor before granting an application for a
waiver:

e Whether an energy emergency in the vicinity of the source
involves high levels of unemployment or loss of necessary
energy supplies for residential dwellings

e Whether the proposed suspension would help mitigate the
existing unemployment or loss.

These findings are restricted to the particular source which
begins the waiver process with the submission of an application.
It is the understanding of the NPC, however, that a governor's
findings with respect to a particular source do not assist other
sources regulated by the same SIP unless they too have joined in
the application process. Should sources which have not made appli-
cation for such a waiver seek to obtain similar relief after the
President's decision, the governor must hold another hearing and
make the two factual findings with respect to the new facility
involved.

It would thus appear advantageous that as many source-specific
waivers as possible be processed simultaneously utilizing joint
public hearing procedures in order to minimize the various gover-
nors' time requirements with respect to multiple findings of fact.

The complexity of these procedures suggests that further con-
sideration by government may be warranted to develop ways to reduce
the overall response time in severe emergencies and to extend the
waiver period should the emergency extend beyond 120 days.

Regulatory Sensitivities Affecting Hydrocarbon Utilization

In the NPC study of refinery flexibility, the benefit of easing
restrictions on lead and MMT additives in motor gasoline were esti-
mated for normal operations.2 These estimates are indicative of
the savings that might be realized under emergency conditions. The
impact of the lead phasedown regulation was limited to 1982 because
the decreasing fraction of leaded gasoline in the motor gasoline
pool will gradually make this restriction less constraining. The
study estimated the hydrocarbon savings that could be realized by
eliminating the 0.5 grams/gallon (gm/gal) pool lead level restric-
tion. The elimination of this regulation could result in a hydro-
carbon saving of 35 MB/D, based on optimum lead usage of 0.8

2Refinery Flexibility, National Petroleum Council, December
1980.
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gm/gal. If the addition of 3.0 gm/gal in the leaded grades were
economical, the total gasoline pool would be at 1.09 gm/gal lead
and process requirements would decrease by 0.7 clear octane
(R¥M/2). The hydrocarbon savings would then be about 70 percent
greater than the calculated optimum case. The effects of allowing
the use of MMT in unleaded gasoline were considered at a level of
1/16 gm/gal in unleaded gasoline, although this does not necessari-
ly represent an economic optimum. The maximum savings range up to
80 MB/D of hydrocarbons.

Another sensitivity involves the potential energy savings that
could be realized by a relaxation of environmental regulations on
the sulfur content of fuel oils. The energy savings were estimated
for several refineries processing crude oil of varying sulfur con-
tent. The analysis involves a number of considerations. First,
some sulfur must be removed for metallurgical reasons to prevent
equipment corrosion and to protect certain catalyst systems. Some
sulfur is inherently removed in processes such as catalytic crack-
ing and hydrocracking. On the other hand, energy is consumed in
the process for final product desulfurization to meet environmental
requirements. Although less significant, leaving more sulfur in
the product also increases the volume of product output, but the
relatively low heating value of sulfur reduces this impact on an
equivalent energy basis. While the impact will vary considerably
among refineries depending upon the sulfur content of the crude oil
mix, it is estimated that a waiver of environmental sulfur specifi-
cations would allow U.S. refiners to increase their energy output
by about 0.3 to 0.4 percent. Depending upon the level of emergency
crude o0il run, this is equivalent to an additional 30 to 60 MB/D of
hydrocarbons.

Capability to Substitute High Sulfur Crude 0il for Low Sulfur Crude
0il

It is possible that some additional sources of heavy, high sul-
fur crude o0il might be found, and refinery surveys indicate that
substantial flexibility exists under emergency conditions to pro-
cess such crude oil. The January 1979 NPC petroleum refining capa-
bilities survey obtained data by PAD district and refinery size on
the capability to substitute crude o0il over 0.5 wt % sulfur for
crude oil of 0.5 wt % sulfur or less in 1980 and 1982 under pres-
ently known environmental restraints and with emergency suspension
of environmental restraints on product quality. The summary of
results for the total United States for 1982 is shown in Table 48.

Emergency Capability to Make Heavy Fuel 0il

It appears that demand savings for heavy fuel oil will be ade-
quate to offset the loss of imported product. If increases are
required, however, refiners have substantial emergency capability
provided appropriate increases in sulfur levels are allowed.

The January 1979 NPC petroleum refining capabilities survey
obtained data by PAD district and refinery size on the capability
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TABLE 48

Ability of U.S. Refiners to Substitute High Sulfur
for Low Sulfur Crude 0Oil

Present Suspended

Environmental Restraints Environmental Restraints

Type of Sweet Crude Sweet Crude

Substitute Substitute Backed Out Substitute Backed Out
Crude Crude (MB/D) (MB/D) Crude (MB/D) (MB/D)
Light Medium Sulfur 957 991 3,079 3,100
Heavy Medium Sulfur 540 619 2,119 2,405
Light High Sulfur 577 664 2,246 2,331
Heavy High Sulfur 339 504 : 1,653 1,914

to maximize heavy fuel o0il production, assuming that reductions 1in
distillate and jet fuel volume not exceed 10 percent. The sum-
mary of results for the total United States for 1982 is shown in
Table 49.

TABLE 49

Emergency Capability of U.S. Refiners to
Produce Low Sulfur Heavy Fuel 0il

Sulfur Content Low Sulfur Balance
of the Low Fuel 0il of High Reduction in
Sulfur Grades Production Sulfur Grades Mogas Volume
(%) (MB/D) (MB/D) (MB/D)
0.3 842 496 339
0.5 1,339 394 394
0.7 1,610 340 444
1.0 2,048 336 536
2.0 2,658 103 599

Description of Refinery Model Used to Calculate Refinery Yield
Flexibility

Methodology

The approach taken in this study on emergency refining opera-
tions was to utilize the U.S. refinery industry model developed by
the NPC Committee on Refinery Flexibility. This model uses the
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Bonner & Moore Refinery and Petrochemical Modeling System to build
a composite LP model of the refining industry. Two separate models
were developed, one for PADs I-IV and one for PAD V. This separa-
tion recognizes the processing differences between the two regions
and the fact that there is limited interregional movement of prod-
uct. In order to reduce over-optimization, each geographic model
utilized a three-refinery configuration; however, results were re-
ported on an aggregated basis. Only limited interrefinery transfer
of feedstocks was allowed. This is more realistic than a single-
refinery representation which implies unlimited access to all down-
stream capacity. For example, a simple refinery without catalytic
cracking usually routes the catalytic cracking feedstock portion of
the crude oil to residual fuel, unless it can sell it to another
refiner.

All refineries and their corresponding capacities were divided
into three classes of complexity. The first type is essentially a
hydroskimming operation with topping units and may include naphtha
reforming capability and distillate desulfurization; the second
type adds catalytic cracking and alkylation; the third adds hydro-
cracking and bottoms processing (primarily coking). For reasons of
confidentiality, the process capacity information in the January
1979 NPC petroleum refining capabilities survey was reported only
in aggregates according to PAD district location, refinery size,
and complexity index. This breakdown was insufficient by itself to
provide the processing capacity detail by the refinery classes
within the models. Also, the NPC survey did not receive a 100 per-
cent response. Industry data from the 0Oil & Gas Journal's March
26, 1979, Annual Refining Survey augmented the NPC data in develop-
ment of the capacities for the model. The final breakdown of the
U.S. crude o0il capacity according to the model classification was 9
percent in the first type, 29 percent in the second, and 62 percent
in the third.

The availability of process capacity and unit performance are
affected by necessary downtime for unit maintenance, both scheduled
and unscheduled; shipment irregularities; equipment or catalyst
deterioration; and other uncontrollable factors. To represent the
loss of capacity from scheduled downtime, a 5 percent discount was
applied to the crude o0il distillation stream-day capacity rating,
and a 10 percent discount to other processes. A second discount of
7 percent, applied uniformly, represents the other types of losses
and the fact that the model reflects modern technology, whereas the
actual industry processing capacity is of varying vintage and effi-
ciency. The net result is termed "effective capacity," which is
the basis used in the models.

In attempting to validate the model using 1978 actual produc-
tion data from the January 1979 NPC petroleum refining capabilities
survey, various approaches were tried, including a single-refinery
model, three-refinery model, demand-driven model, price-driven
model, etc. A three-refinery model, essentially demand driven, was
found to be most appropriate.
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The model runs for determining future process capacity require-
ments were demand driven, except for LPG, coke, sulfur, and resid-
ual fuel, which were allowed to vary within limits. To the extent
that optimization with price was involved, actual 1978 prices were
used, derived from public sources, particularly from DOE Energy
Information Administration publications and Platt's 1978 0il Price
Handbook and Oilmanac, 55th edition. In the supply disruption
cases, assumed national priorities were reflected by changing rela-
tive product demand and prices. For cases wherein the model indi-
cated that additional processing capacity was needed, optimizing
runs with capital charges for new or debottlenecked capacity were
made. This procedure selects the most economic way of meeting the
refining requirements. Construction costs were based on 1978 Gulf
Coast data adjusted for regional differences, ranging up to 15 per-
cent. Debottlenecking costs were assumed to be applicable to
expansion of up to 20 percent of original capacity, new unit costs
to expansion of 60 percent or greater, and interpolated costs to
the intermediate range. The new units were sized to suit the
typical refinery in each complexity category. Debottlenecking
costs were assumed to be 70 percent of new unit costs.

The crude o0il supply distribution by geographic region was de-
rived from the 0Oil & Gas Journal and DOE data. Alaskan North Slope
crude o0il surplus to the West Coast's needs was considered avail-
able to PADs I-IV. Crude oil properties were obtained from indus-
try assay data and the crude oils were then classified according to
the five quality category definitions listed on Page 42 of Volume I
of the NPC's 1979 Refinery Flexibility, An Interim Report. In the
studies of future situations crude oil supply variations were pos-
tulated in terms of varying proportions of the NPC-defined categor-
ies as composites.

The categories of crude oil were allocated to the three refin-
ery classes according to 1978 data from the January 1979 NPC Survey
of Petroleum Refining Capabilities, augmented by 1978 refinery data
from the 0il & Gas Journal. The foreign crude oil allocation was
derived from data in the Petroleum Import Data Book 1978, John G.
Yeager and Associates, Inc. For future years, the distribution of
crude o0il categories across refinery classes was assumed to remain
in proportion to the 1978 distribution.

As in previous attempts by others to model the refining indus-
try, this model effort encountered difficulties and uncertainties.
Oversimplification to keep the model to a manageable size is inher-
ent in a simulation of an entire industry. Data inadequacies also
impose practical limits. For example, utilization rates of down-
stream capacity indicated by the model validation runs could not be
confirmed by actual 1978 experience because such data were not part
of the January 1979 NPC petroleum refining capabilities survey. In
this and other instances, qualitative judgments as to the reason-
ableness of results had to be applied. Considering the difficul-
ties in matching the model to observed 1978 operations, predictions
of future situations cannot be precise. However, the model should
provide a reasonable estimate of the maximum flexibility to adjust
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product yields under various crude oil curtailment scenarios. Di-
rectionally, estimates through 1982 should be more accurate because
they are based on processing capacities determined from survey
data. Beyond 1982, the model assumed that additional processing
capacity was built to meet projected demand.

Impact of Crude 0Oil Supply Disruption on Refinery Product Yield
Flexibility

The impact upon major products (i.e., motor gasoline, distil-
late, and residual fuel o0il) of various disruptions in foreign
crude o0il supply has been examined using the refinery industry
model developed by the NPC Committee on Refinery Flexibility.

The types of disruptions considered were a 2,000 MB/D shortfall
of foreign sweet crude o0il, with and without replacement by other
types, and a 5,000 MB/D shortfall of average quality foreign crude
oil. As a point of reference for the cases studied, 2,000 MB/D for
foreign sweet crude o0il represents 13.8 percent of the total pro-
jected 1982 crude o0il runs in the United States and 13.4 percent of
the 1985 total, whereas 5,000 MB/D represents 34.4 percent of the
1982 total and 33.6 percent of the 1985 total. Thus, the cases
adequately cover the range of scenarios developed for this study.

In the disruption cases an attempt was made to decrease produc-
tion of gasoline only while maintaining production of the other
major products to the extent feasible. If it was necessary to
short other products, the allocation of the shortfall, by product,
was set by economics. The remaining motor gasoline produced was
required to be in the same proportion, by grade, as the base case.
Because the disruptions are unpredictable in their timing and pre-
sumably too infrequent to justify refinery modifications, the pro-
cess capacities are the same as in the respective base case. This
approach provides an estimate of maximum refinery flexibility to
take shortfalls as gasoline.

In the case of a 2,000 MB/D loss of foreign sweet crude oil in
1982, it was feasible to allow about 80 percent of the major prod-
uct shortfall to show up as motor gasoline. This represents a 23
percent shortfall in the 1982 total projected motor gasoline pool.
It was assumed that the 2,000 MB/D loss of foreign sweet crude oil
would be allocated between PADs I-IV and PAD V in proportion to
their normal dependence on such crude oil. PAD V, being less de-
pendent on foreign supply sources, suffers relatively 1little on
this basis.

If this crude o0il reduction of 2,000 MB/D is allowed to be made
up with the foreign 1light high sulfur crude o0il assumed to be
available, the total product shortfall is negligible with a neces-
sary lower gasoline production offset by higher volumes of distil-
late and residual fuel oil. Also, if higher than normal values
were placed on gasoline relative to distillate, the refinery could
undoubtedly rebalance production between the two. It is note-
worthy, however, that the average sulfur level of residual fuel oil
has to rise in order to make possible the processing of the higher
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sulfur crude o0il slate. In PADs I-IV, the residual sulfur level
increases from 1.61 wt % to 2.00 wt % and in PAD V from 0.99 wt %
to 1.03 wt %. This indicates that some relaxation of environmental
restrictions may be necessary in an emergency.

The impact of a 5,000 MB/D loss of average quality foreign
crude o0il was studied to understand the impact of a more severe
disruption. In this case, it was assumed that the government would
allocate all available crude o0il, including domestic, among the PAD
districts in proportion to normal refinery runs, rather than to
historical consumption of foreign crude oil. This requires PAD V
to transfer about 800 MB/D of crude oil (e.g., Alaskan North Slope)
to the other PAD districts. With a crude o0il 1loss as large as
5,000 MB/D, the flexibility to take the bulk of the shortfall in
motor gasoline is strained. However, the gasoline portion can
approach 80 percent if sufficient value is attached to protecting
distillate supply. This was done in the model, for example, by
raising the relative price of distillate by 50 percent.

Based on these industry model studies, it seems reasonable to
assume that there is sufficient flexibility in the U.S. refining
system for 75 to 80 percent of a 2 to 5 MMB/D crude oil supply dis-
ruption to be reflected in gasoline production. However, two key
assumptions in the models should be noted.

With substantial spare capacity in essentially all types of
refining processing units, the major concern with regard to the
accuracy of the model for the disruption cases is the hydrogen bal-
ances. The aggregate models assume that excess hydrogen in one
facility can be used in any other facility when, in fact, transfer
of hydrogen between refineries is essentially non-existent. Fur-
thermore, experience suggests that about 25 percent of hydrogen
production is typically lost to the refinery fuel systems for a
variety of reasons. These factors would be difficult to model. 1In
practice, one solution is to grant emergency waivers of sulfur
specifications where hydrogen for desulfurization proves to be
inadequate.

A second key assumption is complete flexibility to transfer
crude o0il and unfinished feedstocks within each of the aggregate
refinery models, although some restraint was placed on transfer be-
tween the aggregate models. In practice, with low overall refinery
capacity utilization, such transfers may be highly desirable to
allow equipment shutdown to achieve operational efficiencies. For
example, in the model studies, the percentage of the hydroskimming
refinery's crude o0il transferred to the other aggregate refineries
as unfinished oil for further processing increased from 23 percent
in the base case up to almost 50 percent in the most severe disrup-
tion case. However, the tendency of any computer model is to over-
optimize and perhaps somewhat overestimate the flexibility that can
be achieved in practice. Therefore, additional standby measures
should be developed in areas in which the maximum calculated flexi-
bility may be required to meet emergency needs.
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Chapter Seven

EMERGENCY LOGISTICS OPERATIONS

INTRODUCTION

In the event of a disruption of petroleum imports to the United
States, the ability of the existing crude o0il and product logistics
systems to adequately redistribute remaining supplies of petroleum
will be crucial. Abnormal supply and demand patterns which could
result from an interruption of petroleum imports may place severe
strains on certain logistics systems.

The objective of this chapter is to assess the capabilities of
the present overall U.S. logistics system and its ability to meet
the requirements which would be placed on it in the event of a dis-
ruption of imports. In addition, this chapter will identify poten-
tial disruption bottlenecks within the logistics system, develop
estimates of timing and investment required for their removal, and
recommend government plans and procedures which could be implement-
ed both prior to and during future emergency disruptions to mini-
mize logistical inefficiencies.

SUMMARY

The results of the analysis of the U.S. logistics system indi-
cate the following:

e Crude 0Oil Systems

- The primary logistical constraint identified is the move-
ment of PAD V crude o0il through the Panama Canal to other
areas of the United States. This bottleneck, which could
lead to a restriction of PAD V production, could occur in
1981 in the event of an imports disruption, and possibly
as early as 1982 or 1983 due to potential changes in nor-
mal supply and demand patterns. Construction of a pipe-
line across Panama is now under way and should relieve
this constraint when completed in late 1982.

- Generally, crude oil logistics systems in other areas of
the United States appear adequate in the disruption cases
studied.

- Not all emergency crude oil production can be accommo-
dated in 1981. Of the emergency production noted 1in
Chapter Four, about 80 to 100 MB/D of Prudhoe Bay, all of
the surge production from the Tom O'Connor and Yates
fields, and some portion of the East Texas field can be
handled.
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Logistics systems for the movement of natural gas liquids
and unfinished materials appear adequate in the disrup-
tion cases studied.

Maximum withdrawal rates from the SPR can be accommodated
in 1981, but there may be logistical limitations in 1985
assuming that crude o0il storage filling proceeds as
planned. Further detailed investigation of "SPR delivery
system connections is recommended to fully assess their
capabilities and limitations.

Product Systems

No significant bottlenecks have been identified in the
U.S. products logistics system, and there appears to be
adequate flexibility to handle any reasonable redistribu-
tion of supply or demand resulting from the disruption
cases studied.

Storage and Inventories

There appears to be no significant spare capacity avail-
able in the existing U.S. petroleum logistics system for
the long-term storage of emergency supplies.

For quality, flexibility, and efficiency considerations,
storage of primary emergency inventories should be in
crude o0il rather than in particular products. This
should not, however, preclude the buildup of product
inventory reserves by petroleum end users.

A significant limitation in building emergency crude oil
inventories is the availability and acquisition of crude
oil and the resultant effects on crude oil markets.

Management of privately held crude oil and product inven-
tories is best handled by suppliers and users even during
periods of supply disruptions.

Logistics Plans

The government should consider initiating action in the fol-
lowing areas or utilizing the following concepts in future
planning to ensure the continued efficient operation of the
U.S. logistics system:

To protect against potential bottlenecks in west-to-east
crude oil movements, give priority to completing govern-
ment actions that are needed to allow the use of U.S.-
subsidized tankers on a 12-month basis (subject to
semiannual review) and the use of foreign flag tankers on
short notice.
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- Review tax and regulatory factors that act as disincen-
tives to investments in major U.S. pipelines that may be
needed in the longer term.

- Streamline the legislative authority and regulatory mech-
anisms required for the exchange of domestic crude oil
from PAD V with contiguous and noncontiguous countries
so that they may be implemented on short notice should
the need arise.

- Ensure that the current crude oil exchange mechanisms
with Canada are extended in order to provide additional
flexibility in the U.S./Canadian logistics systems.

- PFurther investigate the delivery capability of crude oil
from the SPR.

- Avoid placement of restrictions on. the use of crude oil
or product exchanges among companies.

- Do not control, restrict, or mandate the management of
privately held inventories.

DISCUSSION AND ANALYSIS
Scope

This chapter focuses on the major elements of the logistics
systems, including transportation facilities, inventories, and
regulatory/legal constraints. The utilization and need for expan-
sion of existing transportation systems is examined. Emphasis is
placed on the transportation facilities required for inter-PAD dis-
trict movements. Intradistrict requirements have been investigated
where potential bottlenecks are indicated and where emergency pro-
duction is involved. Comparisons are made of total movements vs.
total capacity available to determine the adequacy of the transpor-
tation facilities. No attempt has been made to determine the move-
ments through specific systems such as individual pipelines.

Secure sources of crude oil and product inventories are identi-
fied. The types of inventories considered are privately owned pri-
mary, secondary, and tertiary inventories, with emphasis on primary
inventories. Also considered are inventories in the Strategic Pe-
troleum Reserve and an estimate of inventories which may be avail-
able outside the United States.

Regulatory and legal limitations are identified where they may
restrict operations of the logistics systems. Recommendations are
made for government actions required to keep the U.S. logistics
system operating efficently during an emergency.
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Methodology

The supply/demand balances from Chapter Two and Appendix I of
this study provide the basic volumetric data for the 1980-1985 pre-
disruption forecast. A supply disruption scenario is imposed upon
the pre-denial balances to develop the resulting supply/demand bal-
ances for the disruption scenario. These supply/demand balances
for the total United States and for each PAD district provide the
basis for projecting movements of raw materials and products.

The DOE Energy Data Report "Annual Petroleum Statement" for
1978 was used as a basis for projecting inter- and intradistrict
movements of raw materials and products. These projected movements
represent the requirements that will be placed on the crude o0il and
product transportation systems in the future and during periods of
supply disruption.

A comparison of the required movements with the existing trans-
portation capabilities provides an indication of the potential bot-
tlenecks that may exist in the U.S. logistics system. The 1979 NPC
study entitled Petroleum Storage and Transportation Capacities pro-
vides the basic data for this comparison. Changes in capacities of
major systems and expected additions in the 1980-1985 time frame
have been included. Where potential bottlenecks are identified in
the transportation system, an investigation has been made to deter-
mine what steps can be taken for their removal.

Volume II ("Inventory and Storage") of the aforementioned 1979
NPC storage and transportation study is the primary source of data
used in the identification of secure sources of crude oil and prod-
uct inventories.

Assumptions

The following major assumptions were used in the development of
this chapter:

® The demand reduction to be taken during a supply disruption
is taken in each PAD district in direct proportion to the
demand for each product in the district.

e Demand reductions required over and above those identified
in Chapter Two are assumed to be gasoline and are distrib-
uted by PAD district in proportion to the gasoline demand in
the district.

@ The same relationship of refinery runs by PAD district is
maintained in the disruption scenario as 1in the pre-
disruption case.

e Commercial purchase, sale, processing, and/or exchange

arrangements between companies 1is not assumed to be
restricted.
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This chapter includes an evaluation of supply disruption Sce-
narios 2, 3, 4A, 4B, and 4C for the years 1981 and 1985. The
supply/demand balances developed for the five supply disruption
cases are provided in Appendix L, Tables L-2 through L-10. The
pre-disruption case is included in each disruption scenario for
comparison. Crude oil from the SPR and from emergency surge pro-
duction has not been included in the balances. Utilization of
crude oil from these sources will be discussed in subsequent sec-
tions of the report.

Based on the projected supply/demand balances and resultant
projected movements, an evaluation has been made of the transporta-
tion requirements for raw materials and products. An evaluation of
these transportation requirements is presented in the sections of
this chapter entitled "Crude Oil Logistics System" and "Product
Logistic System."

Crude 0Oil Logistics System

The following is an assessment of the ability of the U.S. crude
0il transportation system to meet projected movement requirements
in 1981 and 1985 with and without supply disruption. Each PAD dis-
trict is analyzed separately. Inter- and intradistrict flows are
developed and compared with existing transportation capabilities.
Other factors considered by PAD district are the sensitivity of
movements to change in projected production rates within the dis-
trict and the ability to move emergency surge production. The
ability to handle crude oil from the SPR at projected withdrawal
rates is considered in a separate section.

PAD District Assessments

PAD V. Shown in Figure 21 is the crude oil supply/demand bal-
ance for PAD V. As shown, the demand for crude oil is declining
without a supply disruption. With a supply disruption, the demand
would drop even more sharply in 1981 and 1985. The shaded areas
indicate the various components of crude oil supply. Imports of
foreign crude oil are to remain at about current levels in 1981,
but are projected to be phased out by 1985. Prudhoe Bay production
has been estimated at current levels of about 1,520 MB/D in 1981
and 1985. Other PAD V crude o0il production increases significantly
by 1985. Components of this increase are not identified but could
come from several sources, including the Santa Barbara Channel, the
North Slope of Alaska, new tertiary projects in California's heavy
0oil fields, and new discoveries.

Two sensitivities can be considered qualitatively on the supply
side of the balance. These are the levels of imported crude oil
and the levels of increase in other PAD V production.

While imports of foreign crude oil have been declining since
North Slope crude o0il came on production, they may not be phased
out by 1985. DOE data for June 1980 indicate that PAD V imports
are essentially all light low sulfur crude oil. Complete phase-out
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Figure 21. PAD V Crude Oil Supply/Demand Balance.

of these imports may require refinery processing modifications to
meet product quality requirements. Such modifications require two
to three years for completion after receiving the necessary per-
mits. If imports are not phased out as indicated by 1985, total
crude o0il supplies in PAD V could increase over the level shown.
With higher supplies, movements out of the area would increase.

Other PAD V production was 1,056 MB/D in June 1980 and is pro-
jected to increase by about 750 MB/D to 1,800 MB/D in 1985. With
announced production 1increases of 80 to 100 MB/D in the Kuparuk
field on the North Slope and 50 MB/D in the Santa Barbara Channel,
new tertiary recovery projects and new discoveries could be in the
range of 600 MB/D by 1985. This implies a very rapid expansion in
thermal recovery projection and/or production from new discoveries.
Should this production increase not materialize, total supply and
movements out of the area in 1985 could be lower than shown.

Demand sensitivities also exist in these balances between 1981
and 1985. Further nuclear permit delays, reduced gas substitution,
below average rainfall (for hydroelectric power), and less conser-
vation could cause a flat or increasing oil demand pattern for PAD
V. Higher demands, of course, could lead to lower west-to-east
crude oil movements.

The difference between total supply and crude o0il requirements
is the crude o0il that must be moved out of PAD V. These movements
are shown in Figure 22. Movements out of PAD V are projected to
increase from 800 MB/D in 1981 to 1,275 MB/D in 1985 with no supply
disruptions. With supply disruptions, movements range from 1,025
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Figure 22. PAD V Crude Oil Movements.

to 1,220 MB/D in 1981 and from 1,545 to 1,835 MB/D in 1985. These
projections could exceed the current logistics system capability of
approximately 700 to 800 MB/D in 1981-1982 even in the absence of a
disruption.

Table 50 summarizes the three primary routes currently used for
movement of crude o0il from PAD V to PADs I-IV and offers an esti-
mate of the current capacity utilization of each component. There
is only one small pipeline, the Four Corners and Texas-New Mexico
system, which originates in Los Angeles and delivers crude oil into
the West Texas pipeline center. This pipeline is full and is pro-
rated at about 30 MB/D. Very large crude carriers (VLCCs) account
for a total of about 120 MB/D. There is about 100 MB/D in foreign
flag ships moving to the Virgin Islands. The availability of for-
eign flag VLCCs is largely due to the surplus of these tankers in
the world marketplace. It is estimated that about 20 MB/D is mov-
ing around Cape Horn to the U.S. Gulf Coast in subsidized U.S.
VLCCs. Eight of these VLCCs have been built with Construction Dif-
ferential Subsidies (CDS) which are restricted by law to a maximum
of six months in Jones Act service each year.

The majority of crude oil volumes move through the Panama
Canal. Transits through the Canal are limited to tankers with a
maximum beam of 106 feet, which is nominally a 50 to 60 thousand
dead weight tons (MDWT) tanker. However, a limited number of tank-
ers in the 70 to 90 MDWT range have been especially constructed for
Canal service. At the current time, essentially all U.S. flag
tankers are in service. About 10 MB/D moves directly through the
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TABLE 50

PAD V Crude 0il Movements
Current Logistics System -- 1980

Approximate Volume
Logistics Component (MB/D) Capacity Utilization

Non-Canal Movements
Four Corners Pipeline 30 Full/Prorated

VLCCs Via Cape Horn

Foreign Flag 100 Spare Foreign Flag Fleet
CDS to Gulf Coast 20 Waiver Limited

Subtotal 120
Total Non-Canal 150

Panama Canal Movements

Direct 10 Vessel Limited
Transshipping 465 Approximately 80% Utilization
Total Panama Canal 475 Canal Approaching Capacity
Total 625
Canal. The major volume going through the Panama Canal is via

Petroterminal de Panama's transshipment terminal at Puerto
Armuelles, Panama, which is handling about 465 MB/D, or about 80
percent of its estimated 600 MB/D maximum capacity. As will be
discussed, the Canal appears to be rapidly approaching capacity.

Potential problems with the Panama Canal are summarized in
Table 51. Built 65 years ago, the Panama Canal is narrow by to-
day's standards, with the 106-foot beam limitation and a restric-
tion to daylight transit for tankers with beams of greater than 90
feet. Thus, on a practical basis, crude oil ships carrying PAD V
crude oil are limited to daylight transits of the Canal.

Under current conditions, 12 daylight transits can be handled
per day. About seven or eight of the daylight transits are move-
ments of dry cargoes and foreign petroleum which are subject to
some fluctuation. This leaves a net of about four or five daily
transits for PAD V crude oil. With one transit being about 150
MB/D, movements of PAD V crude oil through the Canal are limited to
about 600 MB/D, depending on the tanker size. As transits through
the Canal increase, delays are expected to increase, reducing the
productivity of tankers using the Canal. In December 1980, tankers
were experiencing an approximate two-day delay each way. Delays
were even higher during a pilot's strike in October 1980, reaching
four to five days each way. Another consideration is that more
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TABLE 51

Potential Panama Canal Problems

Capacity

12 Clear Cut Daylight Transits (CCDL)
Estimated To Be Maximum

7-8 Other CCDLs Through Canal
Net = 600-750 MB/D for PAD V Crude Oil
Delays Increasing with Traffic

Improvement Options Limited

lights could be added, but they would provide only a marginal
improvement. Major improvements would require large investments
and time.

In summary, it appears in the near term (1981-1982) that the
only west-to-east pipeline is full, the Panama Canal is approaching
capacity, and the only 1large increment of additional capacity
available is foreign flag tankers around Cape Horn.

The transportation options avalilable to prevent interruption of
movements of PAD V crude o0il during the near term are summarized as
follows:

e Twelve-month waivers (subject to semiannual review) for sub-
sidized U.S. VLCCs

e Limited waiver of Jones Act to allow use of foreign flag
tankers

e Exchanges with contiguous and noncontiguous countries.

Under current law, the eight subsidized U.S. VLCCs can be used
only in U.S. service six months out of the year. Use of these
tankers on a 1l2-month basis requires a legislative act which the
Maritime Administration (MARAD) must initiate. If used on a 12-
month basis, these VLCCs would add about 80 MB/D of additional
capacity.

Beyond full employment of all Jones Act and CDS tankers, anoth-
er step that could be taken would be action by the Secretary of the
Treasury to waive the Jones Act to permit the use of foreign flag
tankers in U.S. coastwise service. Legislative authority already
exists for such actions if required in the national defense.

An additional option would be to exchange PAD V crude oil with
contiguous or noncontiguous countries. Either form of exchange
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would require considerable time to obtain the necessary permits and
the latter could also require additional legislation.

In the longer range (1983 and beyond), a number of facilities
could be in place for the movement of PAD V crude o0il. These fa-
cilities, their capacities, and the time they could be made avail-
able are shown in Table 52.

TABLE 52

Longer Range (1983-1985) Options For Movement of PAD V Crude 0Oil

Option Capacity (MB/D) Timing
Four Corners Pipeline
Expansion 110 1984
Central American Pipeline 500-700 1983*
Construction of U.S. VICCs 20/VLCC 1983

Major West-to-East Pipelines
Northern Route 700-900 1986+t

Southern Route 500-700 1986+

*Construction has begun on a trans-Panama pipeline.
tNorthern Tier Pipeline Company has projected a 1984 startup.

Expansion of the Four Corners Pipeline is a possibility. It
could be on stream by ,1984; however, it would provide only limited
additional capacity of about 110 MB/D.

Two Central American pipeline projects have been proposed.
Each project could provide 500 to 700 MB/D of capacity. One line
would cross Panama from the Petroterminal de Panama, and the other
would cross Costa Rica. The trans-Panama line is currently under
construction. It is estimated that this pipeline could be avail-
able as soon as late 1982 due to the relatively short length of the
line and fewer expected delays in permitting. The addition of 500
to 700 MB/D of capacity would handle a significant share of the PAD
V crude o0il movements which could occur in the 1985 supply disrup-
tion scenarios (see Figure 22).

Another possible source of capacity would be the construction
of U.S. flag VLCCs with availability out of the shipyards beginning
in late 1983-1984. These VLCCs would be 265 MDWT tankers, which
are the largest that can call at Valdez. The trip around Cape Horn
would require about 100 days, resulting in a carrying capacity of
20 MB/D per tanker.
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The construction of major U.S. crude o0il pipelines represents
another approach. Two primary routes have been considered. The
northern route serving the norther tier states and the Midwest is
represented by the Northern Tier and Trans Mountain (via Canada)
pipeline projects. Northern Tier Pipeline was selected by Presi-
dent Carter in January 1980 to receive expedited federal permit-
ting. Since that time Northern Tier has been pursuing permits. If
financing is not obtained by Northern Tier within the time schedule
set by the President, its special procedures will be revoked, and
Trans Mountain Pipeline will be given an opportunity to take advan-
tage of the same expedited procedures. Because of the possibility
of continuing regulatory delays, these projects may have difficulty
in coming on stream within the time frame of this study. The
southern route would serve the large Gulf Coast refining network
and most of the Mid-Continent and Midwest via connecting pipeline
networks; however, this route 1is not being actively pursued at
this time.

Although practical considerations probably relegate a major
U.S. pipeline to 1long-term consideration (not before the late
1980's), such would represent a secure project that is clearly in
the national interest if PAD V movements continue to grow beyond
1985. With the potential for decline in North Slope production
after 1985, the throughput for these pipelines will be heavily de-
pendent upon the development of as yet undiscovered new reserves
and on their location. In the event these discoveries materialize
as projected, any new pipelines will require a multibillion dollar
investment.

Finally, given the foregoing considerations, it is imperative
that the route for a major U.S. pipeline be firmly supported by
fundamental marketplace factors such as crude oil supply, demand,
and refinery location, which will contribute to successful comple-
tion of a viable pipeline project.

In the past, unit trains have been proposed as an interim step
for moving Alaskan North Slope crude oil off the West Coast until
west-to-east pipelines could be constructed. Due to the magnitude
of the volumes to be moved and the distances they must be moved, a
large number of trains would be required. Tank cars and possibly
locomotives would have to be built for these trains. There is also
a possibility that sections of track on existing lines might have
to be upgraded or additional tracks built. Large rail movements of
crude oil eastward combined with increasing coal movements from the
Rocky Mountain area could lead to congestion or overloading of the
existing rail system. Aside from these considerations, perhaps the
major problem would be siting the origin terminals on the West
Coast. Experience to date has demonstrated that this can be a
time-consuming process at best and is not always successful. Al-
though unit trains have been and can be used efficiently for the
transportation of crude o0il, the use of unit trains to move large
volumes of crude oil off the West Coast in an emergency does not
appear to be practical.
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Up to this point, only PAD V interdistrict movements have been
considered. The discussion that follows will cover intradistrict
movements and emergency surge production for PAD V.

Two fields in PAD V have been identified as having emergency
surge production capacity which may be available during a supply
disruption. These fields are the Prudhoe Bay field on the Alaskan
North Slope and the Elk Hills field in the San Joaquin Valley of
California.

The Prudhoe Bay field is estimated to have a surge capacity of
180 MB/D in 1981 and an average of 140 MB/D in 1985 (180 MB/D at
the start of the year and 100 MB/D at the end of the year). The
mechanical capacity of the Trans-Alaska Pipeline System is 1,420
MB/D, having been expanded in December 1980. With the addition of
a drag reduction additive, the throughput capability can be in-
creased. With a mechanical capacity of 1,360 MB/D and the use of
DRA, TAPS throughput has been as high as 1,560 MB/D during 1980.
It has been announced that the Kuparuk field will be on stream by
1982, Production is estimated to be in the 80 to 100 MB/D range
during 1982-1985. With the startup of production in the Kuparuk
field, the throughput capability of TAPS 1is expected to be fully
utilized. Therefore, it appears that until 1982, approximately 80
to 100 MB/D of emergency surge production can be handled. After
1982, with the Kuparuk field production, no emergency surge produc-
tion can be handled without the addition of mechanical pump horse-
power. The addition of pumps would require in excess of one year
for installation because of the long lead time for delivery of the
pumps and construction. Therefore, additional throughput would not
be available during a one-year disruption period without
pre-investment.

Elk Hills is located in Naval Petroleum Reserve No. 1 west of
Bakersfield, California. The field is currently producing at the
rate of 167 MB/D. Expansion of facilities and initiation of fur-
ther waterflood projects are expected to increase production to 190
MB/D by the end of 198l. During 1981, the emergency surge capacity
is estimated to average 16 MB/D, but would decline to a 1985 aver-
age of 8 MB/D. It would require a waiver from Congress before Elk
Hills could be produced at these surge rates. As indicated in Fig-
ure 21, production in other PAD V sectors is expected to increase
dramatically. A portion of this increase can logically be expected
to come from tertiary projects in the San Joaquin Valley where Elk
Hills is located. Currently, it is understood that pipeline capac-
ity out of the valley is tight. On this basis, it is estimated
that it may be difficult to move surge production in 1981. By
1985, there could be expansions of pipeline systems out of the
area. This, coupled with projected declines in the field, indi-
cates that surge production probably could be handled.

Any surge production which may be available in 1981 and 1985
would be additive to the movements shown in Figure 22 and would add
further to the need to move PAD V crude o0il to the Gulf or East
Coasts.
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PAD 1V. The crude o0il supply/demand balance for PAD IV is
shown In Figure 23. Imports of foreign crude oil and local PAD IV
production are the principal sources of supply. Foreign crude oil
is imported from Canada and obtained through exchanges. This im-
ported crude o0il is refined in Montana and is projected to be
phased out by 1985. The phase-out of Canadian crude oil, which is
light and sweet, implies a modification in processing facilities
and/or a loss in ability to exchange for Canadian crude oil. Cur-
rently, exchanges are prevalent in the northern tier states. Local
production is projected to remain constant at 650 MB/D, the same as
in 1978.
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Figure 23. PAD IV Crude Oil Supply/Demand Balance.

PAD IV has historically been an exporter of crude oil, primar-
ily to PAD 1II. The total movements out of the area are shown in
Figure 24. With no supply disruption, crude oil movements reach a
peak in 1980 and 1981 as crude o0il requirements in the area de-
crease. After 1981, movements are projected to decline as imported
crude o0il is phased out. A supply disruption significantly in-
creases the volume of crude oil that must be moved out of the area.
Although other pipelines (Four Corners, Diamond Shamrock, and
Portal) will probably handle a limited portion of the movements, it
is estimated that the major portion will be handled by Amoco ‘and
Platte. Therefore, total movements out of PAD IV have been com-
pared with the combined capacity of Amoco and Platte, which is 355
MB/D. This comparison indicates that adequate capacity is avail-
able in the most severe disruption scenario. Should Canadian ex-
change be continued through 1985, it 1is estimated that adequate
capacity would be available to handle the 40 to 50 MB/D increase in
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Figure 24. Crude Oil Movements Out of PAD IV.

*Although Amoco and Platte capacity is used to demonstrate adequacy a portion of PAD IV movements are by other pipelines.

movements out of PAD 1IV. Should PAD IV production be lower than
shown in Figure 23, the movements out of the area would also be
lower assuming demand remains constant.

The phase-out of Canadian exchanges could present a problem for
Montana refiners in 1985. Statistics from the Montana Oil and Gas
Statistical Bulletin for July 1980 indicated that of the 122 MB/D
of crude o0il refined in Montana, approximately 25 percent was
Montana light medium sour crude o0il, 45 percent was heavy sour
crude oil from Wyoming, and 30 percent was light sweet crude oil
from Canada. The Northern Tier Pipeline, if it is built, could
provide an additional. source of crude supplies for Montana refin-
ers. However, there are presently no pipelines connecting these
refiners to replacement crude o0il supplies which could be made
available in the Powder River and Williston Basins of PAD 1IV.
Therefore, consideration should be given to ensuring that exchange
mechanisms now in place are maintained in the future. An extension
of this mechanism provides additional 1logistical flexibility to
both countries in normal times as well as in emergencies.

As indicated previously, production in PAD IV has been pro-
jected to remain constant at 650 MB/D. Although no data are avail-
able on possible changes in the distribution of this production,
the Overthrust area near Salt Lake City is indicated to have sig-
nificant potential. Should production increase significantly in
the Overthrust, the logistics system currently serving the Salt
Lake area could be overloaded by 1985. However, there appears to
be adequate time to resolve this problem should the situation
arise.
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PAD II, PAD III, and PAD I West. As indicated in Figure 25,
there is an extensive pipeline network through the central portion
of the United States that connects PAD II, PAD III, and the western
portion of PAD I. This network moves domestic production (which is
largely concentrated in PAD III) and foreign crude oil imports from
the U.S. Gulf Coast to PAD II and PAD I West. For evaluation pur-
poses, this area has been broken down into the areas shown in Fig-

ure 26.

Fuchiow-
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Figure 25. Crude Qil Pipeline Capacities as of December 31, 1978 (Thousand Barrels per Day).

PAD III has been broken into two subareas, PAD III West and PAD
III East. The east/west division was made because the logistics
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Figure 26. Crude Oil Pipeline Capacities by PAD District as of December 31, 1978
(Thousand Barrels per Day).
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systems in PAD III run primarily in a north/south direction.
Although the western and eastern portions of PAD III are intercon-
nected with crude oil flowing in both directions, the major move-
ments are in a north/south direction. PAD III West includes the
states of New Mexico and Texas. Currently, crude oil production
from these two states accounts for about 65 percent of the total
production in PAD III. Crude o0il production in PAD III West is
concentrated along the northern portion of the area in New Mexico
and West, North, and East Texas and accounts for about 80 percent
of this western area. Production along the coast accounts for the
remaining 20 percent.

PAD III East includes four states, Alabama, Arkansas, Missis-
sippi, and Louisiana, and provides about 35 percent of the crude
0il production in PAD III., As opposed to the distribution of pro-
duction in the western area, 80 percent of the production in this
area is concentrated along the coast in southern Louisiana.

PAD II has also been divided into east and west areas. The
western area, which produces about 75 percent of the total PAD II
crude o0il, has been further divided into two areas. The upper area
includes the northern tier states of North and South Dakota, Minne-
sota, and Wisconsin. Except for Canadian imports and local produc-
tion, crude o0il must be moved up from the south. As can be noted,
this area is not served by extensive pipeline systems as is the
Mid-Continent area to the south.

The Mid-Continent area includes the states of Nebraska, Kansas,
Oklahoma, and Missouri. Crude o0il production in this area is about
83 percent of the western portion of PAD II and 63 percent of the
total production in PAD II. Crude o0il moves from PAD III west to
satisfy Mid-Continent requirements as well as the requirements of
the northern portion of PAD II West and the Midwest.

PAD II.East is essentially the Midwest including states as far
south as Tennessee. The Midwest is served by pipelines directly
from PAD III East and PAD III West which, for purposes of this
analysis, is considered one logistics system. It also receives
crude oil from PAD III West via the Mid-Continent area. The Mid-
west can also be served by the Mississippi River.

PAD I West includes the western portions of the states of New
York and Pennsylvania and the state of West Virginia. This area is
served by pipelines which are an extension of the pipeline systems
serving the Midwest and can also be served by the Mississippi and
Ohio Rivers.

Using these areas for evaluation required that some assumptions
be made concerning the distribution of crude o0il demand and produc-
tion within a PAD district. Distribution of crude o0il requirements
within a PAD district is based on 1978 DOE data. Crude oil produc-
tion has been distributed based on June 1980 data published by DOE.
The selection of the particular time period is not critical. A
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review of data for the years 1970-1979 indicates only minor varia-
tions. It has also been assumed that there are no restrictions on
crude oil exchanges.

PAD II West. A supply and demand balance for PAD II West is
shown 1n Figure 27. This balance is for both areas included in PAD
II West. On the supply side of the balance is shown the PAD II
West production that is retained in the area as well as crude oil
receipts from PAD 1IV. This type of balance is used in order to
indicate the amount of crude oil which must be moved into the area
from the south. If total domestic production had been used as in
the previous balances for PADs IV and V, movements would be under-
stated. The movements from the south to PAD II West are shown on
the lower portion of Figure 28.
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Figure 27. PAD |l West Crude Oil Supply/Demand Balance.

The movements to PAD II West include domestic crude o0il from
Texas and New Mexico, the West Coast, and all foreign crude oils
including Canadian. It is recognized that Canadian crude oil would
not move from PAD III West to PAD II, so from this standpoint move-
ments are overstated.

The movements over and above those required to satisfy the PAD
II West requirements are the movements of Texas and New Mexico
crude oil to the Midwest and PAD I West. It has been assumed that
all Texas and New Mexico crude oil must move via the Mid-Continent.
Only the "no disruption" case has been shown for these movements.
The total of these two sets of movements should represent the maxi-
mum requirements on the pipeline systems connecting PAD III West
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Figure 28. Crude Oil Movements into PAD Il West from PAD Il West.

with PAD II West. The combined pipeline capacity from Texas to
Oklahoma of 1,625 MB/D is shown as a heavy broken line above the
total movements. Explorer, which moves both crude o0il and product,
is not included in this capacity number. The comparison indicates
that capacity in these systems should be adequate in 1981 and 1985
with or without a supply disruption.

Using this same approach, crude o0il movements from the Mid-
Continent area into North and South Dakota, Minnesota, and Wiscon-
sin have been developed. These are shown in Figure 29. These
movements include the total amount of foreign crude oil required in
the area including Canadian. In 1981, some portions of this for-
eign crude oil requirement will be Canadian delivered by pipelines
from the north. If Canadian exchanges are phased out by 1985, the
movements shown are representative. The pipeline capacity shown is
based on a capacity of 120 MB/D for the Williams Brothers Pipeline
in 1980. The increase to 130 MB/D in 1981 is based on the an-
nounced capacity of the new system being constructed by Williams
Brothers and Koch. This area can also be served by barges up the
Mississippi River during part of the year.

Another movement out of the Mid-Continent area is the movement
to the Midwest and PAD I West which is shown in Figure 30. These
movements are assumed to consist of crude oil from PAD IV, North
and South Dakota, Nebraska, and PAD III West. Very little varia-
tion is indicated for these movements with or without a supply dis-
ruption. Movements are slightly higher in the supply disruption
cases because of the movements from PAD IV to the Midwest. The
pipeline capacity available from the Mid-Continent to the Midwest
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Figure 30. Crude Oil Movements from Mid-Continent Area to Midwest and PAD | West.
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is shown in three increments. The lower line represents the com-
bined capacity of pipelines out of the Oklahoma/Kansas area. The
next increment is the capacity of Platte into Wood River which
moves crude oil directly into the Midwest from PAD IV. The final
increment is the capacity of the Explorer Pipeline from Tulsa to
St. Louis. The comparison indicates that the loading on these sys-
tems will remain about constant with historical levels.

Midwest (PAD II East). The supply/demand balance for the Mid-
west shown in Figure 31 indicates that essentially all of the crude
0il required must be moved into the area. This is due to limited
amounts of production in the area and the movement of Midwest crude
0il to PAD I West. In addition to movements from the Mid-Continent
area, the Midwest receives crude o0il from PAD III East. These
movements are shown in Figure 32, and are assumed to include all
domestic crude o0il from PAD III East and the total foreign crude
0il requirements of the Midwest. Again the foreign crude oil re-
quirements include Canadian and to this extent are overstated. Two
levels of pipeline capacity are shown.

The lower broken line represents the capacity of Capline. The
next increment shown is the combined capacity of the Mid-Valley and
Mobil Pipelines which originate in East Texas. Although it has
been assumed in this analysis that these pipelines are only used to
transport PAD III East and foreign crude oils to the Midwest, they
also have access to crude oils from Texas, New Mexico, and PAD V.
To the extent that these pipelines move these crude oils, the move-
ments shown in Figures 28 and 30 would be reduced by a like amount.
The Midwest can also be served by barge up the Mississippi on a
year-round basis.
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Figure 31. Midwest (PAD Il East) Crude Oil Supply/Demand Balance.
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Figure 32. Crude Oil Movements from PAD Il East to Midwest.

PAD I West. Movements of crude oil into PAD I West are shown
in Figure 33. These movements are from the Midwest and include
crude o0il from all domestic producing areas except local production
and all foreign crude o0il requirements. Interprovincial is the
primary pipeline serving the area.

In summary, it appears there are no significant bottlenecks in
the transportation serving PAD II and PAD I West. As in PAD 1V,
there is an indication that continuation of Canadian exchanges
could add additional flexibility to the system. The government
should consider taking steps to ensure that this flexibility is

maintained.

PAD III. Movements northward out of PAD III have been covered
in previous discussions. There are no significant crude oil move-
ments out of PAD III to the East Coast.

Currently, movements into PAD III are primarily by water. The
major movements are of foreign imported crude o0il and movements
from PAD V destined for PAD III, PAD II, and PAD I West; these
movements are shown in Figure 34. Movements show an increase of
about 1 MMB/D by 1985 in the case of no supply disruption. This
increase is due to the higher foreign imports required to replace
declining domestic supplies and the increase in crude oil movements
from PAD V. The movements shown include total foreign imports.
The level of Canadian imports for 1978 through the first half of
1980 is shown for comparison.

With the completion of the Louisiana Offshore 0Oil Port (LOOP)
in 1981, it appears that there should be adequate capacity to
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Figure 33. Crude Oil Movements to PAD | West.

handle this increase. LOOP will provide additional receipt capac-
ity for Capline as well as refineries on the Texas and Louisiana
coasts via pipeline systems being connected to LOOP. Several
proposals for additional capacity along the Texas Gulf Coast are
under consideration which could also add to the waterborne receipt
capability.

Should Four Corners/Texas-New Mexico be expanded into the West
Texas area, waterborne movements shown in Figure 34 would be de-
creased and an increased load placed on the pipeline systems out of
West Texas. This could also occur if a southern route pipeline
(PACTEX-type line) is constructed in the future, although it would
not be on stream by 1985. Figure 35 indicates that by 1985 there
could be a minimum of 400 MB/D of spare pipeline capacity out of
West Texas. This would indicate that there should be no problems
handling a Four Corners expansion and, in the longer range, a major
southern-routed pipeline.

Within PAD III, three fields have been identified as having
emergency surge capacity: Yates in West Texas, the East Texas
field, and the Tom O'Connor field in South Texas.

The Yates field is indicated to have a surge capacity of 40 to
50 MB/D in 1981 but none in 1985 without significant investment.
Spare capacity of 40 MB/D has been identified in two pipelines
serving the field, leaving a maximum of 10 MB/D to be handled by
the two remaining pipelines. On this basis, it appears that the
emergency surge capacity could be handled.
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It is estimated that the surge capacity from the Tom O'Connor
field would range between 3 and 7 MB/D in 1981, but due to declines
in the field there would be no surge capacity by 1985. Existing
pipeline capacity is indicated to be adequate to handle this level
of surge production.

The East Texas field is currently producing 162 MB/D. Incre-
mental surge capacity is estimated to be 154 MB/D in 1981 and 133
MB/D in 1985. At this time, no estimate is available on the abil-
ity of operators to move this increment of surge capacity. There
are 21 operators who gather crude oil in the field and at least 10
to 12 pipelines which move crude o0il out of the area. If the surge
production is evenly distributed, movements of each operator would
nearly double. It is unlikely that this total increment can be
handled without additional pump horsepower assuming pipeline sizes
are adequate.

East Coast (PAD I East). The East Coast portion of PAD I re-
ceives all of its crude oil requirements by water. Crude o0il re-
quireméents will be about 200 to 250 MB/D below the 1978 level with
no supply disruption and significantly below the 1978 level in all
the supply disruption cases. Therefore, it is anticipated that
there will be no problems handling future crude o0il requirements.

Crude o0il from PAD V has been used as a supplement to East
Coast foreign supplies where there is no supply disruption and as a
replacement for foreign imports during periods of a supply disrup-
tion. PAD V movements to the East Coast range from 95 to 625 MB/D
in 1981 and from 130 to 670 MB/D in 1985,

Summary of Crude 0Oil Movements. A summary of crude oil move-
ments including foreign entry and inter-PAD district are shown 1in
Figure 36. Pre-denial (no disruption) and Scenarios 2, 3, 4A, 4B,
and 4C crude o0il movement requirements for the years 1981 and 1985
are indicated, as well as the portions of these movements which are
classified as sour crude o0il. As can be noted in the increase in
movements from PAD V to PADs I and III for all scenarios in 1981
and for all cases including the pre-denial case for 1985, the pres-
ent crude o0il logistics system will be unable to provide for the
necessary redistribution of available crude o0il supplies in the
near future. The section of this chapter entitled "PAD V" provides
further discussion on this subject.

Natural Gas Liquids and Unfinished Materials

Natural gas liquid production for 1981 taken from Chapter Two
of this report is projected to be about 1,570 MB/D, which is ap-
proximately the same as for 1978. Movements between PAD districts
are indicated to be the same. Therefore, it is concluded that the
logistics systems handling these materials are adequate. By 1985,
production is projected to decline to about 1,310 MB/D, which
should reduce the load on the existing NGL systems. The distribu-
tion of NGL is indicated to be the same with or without a supply
disruption.
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Total movements of unfinished o0il (oils requiring further pro-
cessing) in the United States are relatively small in volume and
have fluctuated widely in the past. The 1978 total movements be-
tween districts averaged about 70 MB/D, while in June 1980 they
were about 135 MB/D. The DOE Energy Data Reports "Annual Petroleum
Statements" indicate that a portion of these movements is made by
water and none are made by pipeline. This suggests that the re-
maining portion is made by rail tank car and tank truck. During
periods of supply disruptions, it is anticipated that the same
modes of transportation as are currently used would be available.

Strategic Petroleum Reserve Crude 0Oil Logistics

This section is an assessment of the capability of the U.S.
logistics system to receive and distribute crude oil from the SPR
assuming that current plans proceed as scheduled and that with-
drawals are made at the maximum rates possible.

There are five SPR storage sites, all located in PAD III.
Crude o0il withdrawn from these five sites would enter the U.S.
crude oil logistics system at three points, at which there are con-
nections to major crude oil pipelines, Capline, Texoma, and Seaway.
Figure 37 shows these three SPR delivery systems and the maximum
rates at which crude oil could be delivered from SPR storage.

Capline System

Bayou Choctaw and Weeks Island are connected to the Capline
system. Currently, crude oil from these storage sites can be de-
livered to the DOE's St. James Terminal at the rate of 830 MB/D.
By 1983, this rate is expected to increase to 1,070 MB/D with an
increase in the drawdown rate at Bayou Choctaw. Currently, the
DOE's St. James Terminal can only deliver or receive from the Koch
Terminal at the rate of 240 MB/D. By May 1981, a pipeline connec-
tion will be made to Capline with a maximum capacity of 1,200 MB/D.
The delivery rate to Koch will remain unchanged. Koch has two
tanker berths which can be used to move crude oil from the SPR, but
deliveries would be limited by pipeline capacity of 240 MB/D. The
connection to Capline will permit the movement of SPR crude o0il out
by pipeline. The amount of capacity available for SPR crude oil in
Capline will depend upon other movements in the system.

Table 53 is an estimate of the amount of SPR crude oil that can
be delivered out of the Capline system during a supply disruption
in 1981 and 1985. Scenarios 2 and 4A have been shown only because
they represent the extremes of the scenarios evaluated. The with-
drawal rates shown are the maximum from Figure 37. These maximum
withdrawal rates are compared with the capability of the connected
transportation facilities to move SPR crude o0il out of the area.
The tanker docks at DOE's terminal are estimated to provide 415
MB/D of capacity to move out SPR crude oil. This movement is based
on the use of 70 MDWT tankers limited to a draft of 39 feet, a
turnaround time of 36 hours for each tanker reflecting congestion
and transit of the Mississippi River, and a maximum dock occupancy
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TABLE 53

SPR Deliverability -- Capline System (Bayou Choctaw/Weeks Island)
(MB/D)
1981 1985
Scenario Scenario
2 4A 2 4A
Maximum Withdrawal Rate 830 830 1,070 1,070

Transportion Facilities

DOE Docks 415 415 415 415
Capline Pipline (1,200 MB/D) 330 695 305 605
Cumulative 745 1,110 715 1,020
Koch Docks 240 240 240 240
Cumulative 985 1,350 955 1,260
Other Required -— - 115 -

of 70 percent. It has been assumed that Capline would continue to
move foreign and domestic crude o0il available after a supply dis-
ruption from PAD III East to the Midwest as discussed previously,
and any spare capacity would be used to move SPR crude oil. The
spare capacity in Capline varies between scenarios with the avail-
ability of foreign crude oil and the amount of PAD V crude oil to
be moved. The 1985 Capline spare is lower than in 1981 because the
Midwest demand for crude o0il is higher in 1985 than in 1981. Ca-
pacity of the Koch Terminal is limited to 240 MB/D.

It appears that the maximum SPR withdrawal rate can be handled
in 1981 with the facilities described. In 1985, a maximum of 115
MB/D of additional facilities would be required to handle the maxi-
mum SPR rate in Scenario 2. These other facilities could be the
utilization of Capline docks, delivery of crude oil into pipelines
connected to the Capline Terminal other than the Capline Pipeline,
expansion of delivery capability to Koch, and trucks. Capline
Pipeline is indicated to have been expanded to its maximum capabil-
ity without looping (laying additional pipeline).

Texoma System

The Sulphur Mines and West Hackberry storage facilities are
connected to the Texoma Pipeline through the Sunoco Terminal. SPR
withdrawal rates are currently about 500 MB/D. DOE pipeline capac-
ity from these storage sites will be increased to 1.4 MMB/D in May
of 198l1. However, the withdrawal rates from storage will not reach
1.4 MMB/D until 1988 upon completion of Phase II of the fill pro-
gram. It is estimated that the maximum withdrawal rate will be
1,100 MB/D by 1985 if the program proceeds as planned. At the
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Sunoco Terminal, five tanker and three barge berths could be used
for the movement of SPR crude oil as well as the pipeline connec-
tion to Texoma.

The capability to move SPR crude o0il in the Texoma system is
summarized in Table 54. The capacity of the five Sunoco tanker
docks of 1,075 MB/D was developed using the same assumptions as for
the DOE docks on the Capline system except that a limiting draft of
40 feet was used. The capacity of the barge docks is estimated at
170 MB/D assuming two 20-thousand-barrel barges could be 1loaded
simultaneously, a turnaround time of 12 hours, and a maximum dock
occupancy of 70 percent. Utilization of tanker dock capacity for
movement of other than SPR crude oil has been estimated to be the
sum of the capacity of the Texoma Pipeline (410 MB/D) plus 200 MB/D
of additional crude oil, for a total of 610 MB/D, During a supply
disruption, this throughput is reduced in relation to the reduction
of foreign crude o0il delivered into PAD III. For the barge docks,
it has been assumed that only 50 percent of the capacity would be
available for emergency purposes during a supply disruption. The
capacity available in Texoma is based on the assumption that Texoma
moves primarily foreign crude oil and that throughputs during a
supply disruption would also be reduced directly with the delivery
of foreign crude oil into PAD III. The difference between the ca-
pacity of Texoma (410 MB/D) and movements of foreign crude oil is
the spare that could be used to move SPR crude oil.

TABLE 54
SPR Deliverability -- Texoma System (Sulphur Mines/West Hackberry)
(MB/D)
1981 1985
Scenario Scenario
2 4A 2 4A
Maximum Withdrawal Rate 500 500 1,100 1,100
Transportion Facilities
Sunoco Docks Tanker 675 910 660 890
Barge 85 85 85 85
Cumulative 760 995 745 975
Texoma (410 MB/D) 140 295 130 285
Cumulative 900 1,290 875 1,260
Other Required -- -- 225 -

The capability of the Sunoco docks and Texoma Pipeline appears
adequate during 1981 to move the SPR crude oil at the maximum with-
drawal rates. In order to handle the maximum SPR rate in 1985, it
is expected that other facilities would have to be utilized and
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that this requirement would be for a maximum of 225 MB/D of capac-
ity. This additional capacity could come from pipelines, other
than Texoma, which are tied into the Sunoco/Texoma systems. This
area is a major pipeline interchange point and Beaumont/Port Arthur
is a major refining center. Also, Texoma could be expanded to
about 600 MB/D through the addition of pump horsepower.

Seaway System

Bryan Mound is the only storage facility connected to the Sea-
way system. The maximum withdrawal rate is currently about 385
MB/D. At the completion of Phase II of the DOE SPR program, the
withdrawal rate is expected to be 1,055 MB/D by 1988, but by 1985,
the maximum withdrawal rate is estimated to be only 835 MB/D. SPR
crude oil withdrawn from storage can be moved over the Seaway docks
or into the Seaway Pipeline. '

Table 55 is a comparison of the maximum SPR withdrawal rates
with the capacity available at the Seaway facilities. The capacity
of the Seaway dock is estimated to be 540 MB/D assuming all three
docks are used to load 50 MDWT tankers limited to a 38-foot draft,
a turnaround time of 30 hours, and a maximum dock occupancy of 70
percent.

TABLE 55
SPR Deliverability -- Seaway System (Bryan Mound)
(MB/D)
1981 1985

Scenario Scenario
2 4A 2 4A
Maximum Withdrawal Rate 385 385 835 835

Transportion Facilities

Seaway Docks 340 455 330 445
Seaway Pipeline (300 MB/D) 110 225 100 215
Total 450 680 430 660
Other Required - -- 405 175

The capacity of Seaway Pipeline is assumed to remain constant
at 30 MB/D. Utilization of this capacity for movement of other
than SPR crude o0il has been developed by the same method as used by
Sunoco/Texoma. The resulting spare is assumed to be available for
SPR movements.

Seaway facilities are adequate in 1981, but significant amounts

of additional capacity are indicated to be required in 1985. SPR
crude o0il could probably be loaded over Phillips' docks by pumping
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to the Seaway docks and back up the lines to the Jones Creek tank
farm. However, it may not be possible to load 50 MDWT tankers at
this point. If 35 MDWT tankers are used, the maximum capacity
available is estimated to be about 285 MB/D and this capacity would
also have to be used for other than SPR movements. There is also
the possibility that refineries in the area could be fed directly
from the SPR, but this would require that supplies normally refined
in this area be delivered to other areas. Another option for addi-
tional capacity is the expansion of the Seaway Pipeline to about
600 MB/D by the addition of pump horsepower.

As indicated in the discussion of each SPR delivery system, a
number of simplifying assumptions have to be made. Therefore, the
results can only be considered as an indication of how these sys-
tems might work with a supply disruption. These evaluations do
have the advantage of focusing attention on the problems that can
arise with the SPR delivery system. In all of the evaluations, it
has been assumed that the largest tanker possible is used to make
SPR deliveries. With a supply disruption, tankers could be freed
up but they are 1likely to be in smaller size ranges, with any
larger tankers being employed in the movement of PAD V crude oil.
If smaller tankers (in the 35 to 40 MDWT range) are used to move
crude oil away from the SPR delivery systems, the capacities of the
tanker facilities would be lower than indicated in the analyses.
Therefore, it may be necessary to utilize foreign flag vessels to
maximize the capability of the SPR delivery facilities. This pos-
sibility supports the need for a standby mechanism which could per-
mit use of foreign flag tankers in an emergency.

Also, it has been indicated that the capability exists to
expand the Texoma and Seaway Pipelines to handle increased SPR
movements. These expansions would require long lead times and
substantial pre-investment. In order for these types of invest-
ments to be made, the current environment of uncertainty as to
pipeline rates must be removed. Privately owned pipelines have
been built in the past where and when needed. The climate for this
same type of action in the future must be restored. Undoubtedly,
any withdrawals from the SPR could be distributed to a large number
of companies, and the volumes allocated to some could be extremely
small. In order to maximize withdrawal rates from the SPR, maximum
size tankers must be used. This would indicate that exchanges
should not be restricted in any manner. Such exchanges could maxi-
mize SPR facility usage and provide flexibility in the remainder of
the U.S. logistics system. The recent use of exchanges to move Elk
Hills crude oil into SPR storage 1is an example of the manner in
which the government can employ a mechanism which has been used in
the petroleum industry for many years to reduce transportation
costs and maximize the use of existing facilities.

It appears that additional investigation into the SPR delivery
system should be made by DOE to ensure that there are no bottle-
necks. Understandably, the emphasis has been on getting SPR facil-
ities constructed and emergency crude oil reserves in place. In
the event of a supply disruption, however, these reserves would be
less than optimal if they cannot be retrieved and distributed where
needed.
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Product Logistics System

The capability of the U.S. petroleum industry's product logis-
tics system to effectively respond to and handle the nation's prod-
uct distribution needs after a major foreign supply interruption
has been analyzed for the years 1981 and 1985. These studies were
undertaken and completed in sufficient detail to describe the
extent of changes in the use of distribution systems between PAD
districts and to identify possible bottlenecks or other logistics
problems that may arise as a result of changes in product flows.
Logistic system capabilities described in the 1979 NPC study enti-
tled Petroleum Storage and Transportation Capacities were used in
these studies, with known changes identified in major systems only.

Logistics Background

The facilities currently available to transport, store, and
distribute petroleum products are by definition adequate in 1980 to
meet the nation's needs. Recent reductions in demand have, in
fact, resulted in significant amounts of spare capacity in many
commonly used and private industry product logistics facilities.
In addition, a major Gulf-to-East Coast pipeline expansion that be-
gan in 1978 and will be completed by the end of 1980 has removed
the one major product pipeline bottleneck between PAD III and PAD I
that has existed since 1967. This expansion of almost 1.0 MMB/D
origin capacity has permitted increased shipments to the East Coast
of 350 MB/D, releasing product tankers for use in Alaskan North
Slope crude oil service and transshipments of crude oil through the
Panama Canal. However, Jones Act tanker availability will continue
to be tight as additional Alaskan crude o0il transshipments are re-
quired, scrappage of old tonnage occurs, and tanker capacity 1is
lost due to implementation of the Port and Tanker Safety Act regu-
lations on segregated ballast. The tight domestic tanker outlook
will have limited impact on product logistics, as pipelines are now
and will continue to be the dominant mode of product transportation
in the future.

With the product logistics capability that exists today, only a
major distortion of normal industry supply/demand patterns after a
supply interruption would cause unmanageable problems in the dis-
tribution of products from refining source to marketing centers.
The following analyses show that a uniform reduction in product
supply after a severe supply interruption can be handled with the
existing product logistics systems, and that additional spare ca-
pacity in the logistics systems caused by the supply reduction pro-
vides significant flexibility for reasonable departures from the
logistics plan described.

Demand Reductions

Product demand forecasts for these logistics studies were pro-
vided in Chapter Two of this study. Reductions in forecast demands
for 1981 and 1985, reflecting the loss of foreign supply ranging
from 2.2 to 4.6 MMB/D, have been used in the development of logis-
tics plans to identify major logistics problems, if any, and show
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the capability of product 1logistics systems to redistribute raw
material and product supply in a conventional manner. Demand re-
ductions corresponding to supply interruptions ranged from 13 to 28
percent of total 1981 and 1985 forecast demands. Product demand
savings identified in demand management studies were used to offset
1.6 to 2.2 MMB/D of the supply losses. The additional reductions
of up to 2.6 MMB/D, needed to provide total U.S. supply/demand bal-
ances, were assumed to be all gasoline in this study. Taking these
additional reductions in all products rather than in gasoline only
was shown to cause no significant changes in logistics system util-
ization. In addition, results from refining studies have shown
that the product mix resulting from the demand reduction methodol-
ogy used could be produced by refiners. These results show that,
insofar as the logistic systems are concerned, there is a broad
flexibility available to reduce existing product demand and change
the remaining product demand mix as required to meet national
objectives.

Demand reductions were taken regionally in direct proportion to
the pre-denial demand forecasts by product and by PAD district.
Tables L-11 and L-12 in Appendix L describe the resulting PAD dis-
trict local demands by major product grade. This methodology re-
sulted in total demand reductions exceeding the national average in
districts where gasoline and heavy fuel o0il demands are highest
(PADs I and V) and below the national average in the other PAD dis-
tricts. With uniform redistribution of refining in all districts,
the above had the positive effect of reducing product shipments
into PAD I and the negative effect of increasing crude oil ship-
ments from PAD V relative to that resulting from a uniform per-
centage reduction in ‘total volume by PAD district. The logistics
system has the flexibility to handle either demand reduction
approach.

Product Supply/Demand

Regional supply/demand balances by PAD district were completed
for 1981 and 1985 before supply interruption and compared to simi-
lar balances based upon supply interruption Scenarios 2, 3, 4A, 4B,
and 4cC. Scenario 1 was excluded because of the relatively small
impact on the logistics system. Included in these balances were
total interdistrict shipments and receipts for each PAD district.
These totals were then broken down into shipments and receipts be-
tween individual PAD districts based upon historical patterns.
Minor shipments between PAD districts were reduced in direct pro-
portion to the demand reduction in the receiving district. The
major shipments were then calculated to establish the overall
receipt/delivery balance across the nation. Tables L-13 and L-14
in Appendix L show the product shipment breakdowns by PAD district.
The changes observed in these interdistrict shipments after a sup-
ply interruption are described for each PAD district below.

PAD I. Shipments into PAD I originate primarily in PAD III,
with less than 2 percent originating in PAD II. Shipments from PAD
III are made through Colonial and Plantation Pipelines and by tank-
ers or barges from Gulf Coast refineries. Tanker supply will be at
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near minimum levels in 1981, as pipeline space becomes available
through expansion and East Coast demand declines. In 1981, spare
PAD III-to-PAD I pipeline capacity will be available and tankers
will be used only to areas inaccessible to pipeline or for products
that cannot be shipped by pipeline; i.e., heavy fuel o0il and spe-
cialty products. Figure 38 shows the effects of supply interrup-
tions ranging from 2.2 to 4.6 MMB/D on PAD III-to-PAD I pipeline
utilization.

Figure 38 describes total Gulf/East Coast shipment requirements
by transportation mode and a comparison of ‘pipeline capacity with
maximum pipeline shipment requirements from PAD III to PAD 1I.
Spare pipeline capacity described in the screened area ranges from
15 percent for a 2.2 MMB/D supply interruption (Scenario 2) to 25
percent for a 4.6 MB/D supply interruption (Scenario 4A). When
spare capacity approaches the latter, product transit times may be-
come a problem. During a 4.6 MMB/D supply interruption, Gulf-to-
East Coast pipeline transit time is increased by 40 percent vs. the
pre-denial operation. Taking a shipment reduction of this size
instantaneously would create an immediate shortage of product at
primary terminals and in the secondary distribution system. These
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conditions could be avoided if pipeline shipments were phased down
gradually in all regions until all demand reduction steps are 1in
place. Once steady-state operations are attained at the lower
shipment level, the increased transit time should be manageable;
however, if operating problems caused by increased transit times
are encountered when making seasonal product changes, the capabil-
ity exists in the Gulf-to-East Coast pipelines to shut down part of
the system and restore pipeline velocities to historical rates.

PAD II. Products are shipped into PAD II by barge from the
Gulf Coast and by pipelines from PADs I, III, and 1IV. Shipments

through these logistics systems into PAD II are broken down histor-
ically as shown in Table 56.

TABLE 56

Shipments to PAD II

% of Total Receipts

PAD I PAD III PAD IV Total (%)
Barge -- 15 -- 15
Pipelines
Products 25 32 3 60
NGL == 24 1 25
Total (%) 25 71 4 100

Total shipments into PAD II exceeded 1,000 MB/D in 1978; how-
ever, forecasts for 1981 and 1985 indicate reductions of 25 percent
from 1978 shipment levels. Barge shipments are expected to bear a
higher share of these reductions than pipelines.

A major supply interruption and corresponding demand reductions
will increase the spare capacity in pipelines supplying PAD II by
up to 40 percent of shipment levels before the emergency. Some of
these pipelines could be forced to operate at less than 50 percent
of capacity under these conditions. This shortage of throughput
will result in excessive transit times and major scheduling dif-
ficulties in some pipelines between the Gulf Coast and upper Mid-
west. To avoid this problem, a number of possible solutions are
indicated, the use of which would depend upon the circumstances at
the time.

e Divert crude o0il moving to the same destination from the
Gulf into product pipelines going to the Midwest.

e Divert products from barges to pipeline through exchange
arrangements.

e Combine parallel pipeline operations and shut down one sys-
tem; balance supplies through exchange arrangements.
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® Redistribute crude o0il runs to bring pipeline throughput up
to operable levels.

Any one of or a combination of these steps is physically possible
and could be used to resolve this problem.

Shipments from PAD I into PAD II originate from both the East
Coast and Gulf Coast. East Coast refineries deliver small volumes
into western Ohio as a balancing mechanism. Both Colonial and
Plantation Pipelines supply products into Tennessee and Kentucky
from lateral lines originating in PAD I but carrying PAD III sup-
plies. Reduced deliveries into these areas should create no logis-
tics problems.

PADs III, IV, V. Products are supplied in these PAD districts
primarily from local refineries and pipelines, with only small
shipments between districts. Major efficiencies in the existing
supply systems have historically been gained by broad use of prod-
uct exchange arrangements, particularly in PAD IV and PAD V. Phys-
ical facilities for long distance distribution of products either
within or between PAD districts are not as prevalent as in the
Gulf/East Coast circuit.

Continuation of exchange arrangements as a primary method of
product distribution in these districts is essential in a supply
emergency. With such capability, no logistics problems should be
encountered.

Product Mix Effects

To determine if the changed product mix caused by a major sup-
ply interruption would create problems in the logistics system, a
detailed product-by-product supply/demand balance was developed for
Scenario 3. Refinery make, shown in Table L-15 of Appendix L for
1981, was established by product in each PAD district initially in
direct proportion to actual 1978 operations, then adjusted by an
equal percentage in each PAD district to match the reduced demand
level. Product imports and exports were adjusted to the reduced
levels and distributed in a historical pattern based upon 1978
actual results. Interdistrict shipments by product were then cal-
culated to provide the overall supply/demand balance. Details of
these supply/demand balances are shown for each PAD district and
the total United States in Tables L-16 through L-21 of Appendix L.

These individual product balances revealed no product distribu-
tion problems resulting from product mix. Gasoline and heavy fuel
0il yields on crude o0il were reduced significantly and distillate
yields increased. Shipments in logistics systems were also more
heavily weighted towards distillate; however, the increased gravity
of the shipments should create no problems with the large amount of
spare capacity available. Production and redistribution of heavy
fuel o0il supplies at the extremely low demand levels imposed after
a supply interruption may cause problems that did not show up in
this analysis.
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Conclusions

These logistics analyses have shown that a supply interruption
and corresponding demand reduction of any magnitude will in general
reduce utilization of product logistics facilities, assuming that
reductions in refining and demands occur relatively uniformly
across the entire nation.

Potential problems with low utilization of pipeline capacity
may occur in some areas causing unusually long transit times from
supply source to destination. A number of possible steps to reduce
transit time have been identified, all of which are physically pos-
sible but which may require government actions in the form of ex-
ceptions to transportation regulations or legislative changes to
implement.

Inventory and Storage

Storage

Volume II ("Inventory and Storage") of the 1979 NPC study en-
titled Petroleum Storage and Transportation Capacities indicated
that about 1,500 million barrels of storage capacity exists for
crude oil and the major petroleum products in the U.S. primary sys-
tem. Inventory in the primary system has averaged over 50 percent
of storage capacity for the past 30 years. Based on these find-
ings, it was concluded that there is no significant storage capac-
ity available for handling emergency supplies.

It was estimated that the secondary and tertiary storage capac-
ity for gasoline and distillate is over 500 million barrels. Al-
though not much is known about the secondary and tertiary systems,
it is reasonable to assume that the ratio of inventory to storage
capacity should be similar to that for the primary system. The
same competitive pressures to keep costs low would apply particu-
larly at the secondary level and may also apply at the tertiary
level. This would suggest that there would be no significant ca-
pacity available in secondary and tertiary storage for emergency
supplies. This same type of reasoning can be extended to storage
capacity available in U.S. possessions and territories and trans-
shipment facilities in foreign countries adjacent to the United
States which are estimated to have storage capacities of 45 and 50
million barrels, respectively.

The Strategic Petroleum Reserve currently has storage capacity
of about 250 million barrels and is projected to reach about 400
million barrels by 1985. At the current time, there are about 110
million barrels of crude oil in storage. The availability of crude
oil has been one of the major problems faced by this project. This
would indicate that even if crude o0il storage capacity were avail-
able in the U.S. primary system and in areas outside of the United
States, the availability of crude o0il could also be a major problem
in utilizing this capacity for emergency storage.
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The decision to store crude o0il rather than products in the SPR
was based on quality and flexibility considerations. Deteriora-
tion, weathering, and possible contamination could be a problem
with product storage. Storage of crude oil would provide a full
slate of products when refined and avoid the necessity of deciding
the quantities of each type, grade, and specification of product
for storage. In view of the different demand reduction steps
available and the uncertainty of the duration of a supply disrup-
tion, it would appear that crude o0il storage is still preferable to
product storage.

Inventories

The 1979 NPC storage and transportation capacities study pro-
vides a complete analysis of inventories in the primary storage
system as well as limitations on their use. The study also identi-
fied other sources of inventory which included the SPR, crude oil
and product inventories located in U.S. possessions and territor-
ies, transshipment facilities in foreign countries adjacent to the
United States, foreign crude o0il and product in transit to the
United States by tanker, and Alaskan North Slope crude oil in tran-
sit by tanker to refineries in PADs I-IV.

The following is a brief discussion concerning each of these
inventories as a source of supply during a disruption. The SPR
inventories are not a normal part of the U.S. logistics system and
are discussed in detail in Chapter Three of this study. It is
anticipated that inventories in U.S. possessions and territories
will be required for continued operation in these areas. The
transshipment terminals are not committed exclusively to the U.S.
market. With a reduction in crude oil demand in the United States
and completion of LOOP near, some portion of this capacity may be
underutilized. However, as production in Mexico increases, some of
this spare capacity could be used to transship crude o0il from Mex-
ico to other parts of the world. Sailing time from the Persian
Gulf area is 30 to 35 days which represents 30 to 35 days of supply
in tankers that would be available in the case of a supply disrup-
tion in this area. These supplies could provide a buffer during
the 30 to 60 days required to implement emergency preparedness
plans.

It was pointed out in the 1979 NPC study that responses to the
questionnaires on storage and inventories indicated that an oper-
ator's inventory control is a function of many factors, including
the level and location of demand, location of supply, availability
of transportation and refining facilities, availability and loca-
tion of tankage, and the cost of capital. With these factors vary-
ing from operator to operator, it would be difficult to establish
an inventory control system to be used during supply disruption
periods which would be universally applicable to all operators in
every situation that might arise. Each operator is in the best
position to control his inventory situation. This has been effec-
tive in the past and should also apply in the future. Any effort
to control inventory could further add to the confusion of an
emergency.
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Proposed Logistics Plans

Based on the above analyses, it is recommended that the govern-
ment consider initiating action in a number of areas, follow some
primary concepts in developing plans to ensure continued efficient
operation of the U.S. logistics system, and be prepared to adjust
quickly in the event of a supply disruption.

With the indication of a potential near-term problem in PAD V,
this situation should be closely monitored. A survey of Alaska and
California crude o0il reserve holders could be made to obtain an up-
dated perspective on future PAD V production. Priority should be
placed on completing governmental action that would facilitate
prompt use of U.S.-subsidized and foreign flag tankers should the
need arise. Negotiations with Canada could be initiated if this
step appears necessary for the continuation of the current exchange
mechanisms. In the case of a supply disruption, consideration
could be given to delivery of foreign crude oil on the east or west
coasts of Canada for Canadian crude oil delivered into the northern
tier states. Currently, there are no exchanges of West Coast crude
oils with contiguous countries. A regulatory mechanism should be
considered which would facilitate such exchanges without delay so
that they would be in place when needed. An investigation should
be made of ways to encourage investment in west-to-east pipeline
systems. Further investigation is required in order to ensure that
withdrawals can be made from the SPR at maximum rates. This in-
volves the operation of individual segments of the U.S. logistics
systems. Restrictions should not be placed on the exchange of
crude o0il and products between companies because this would also
reduce the flexibility of the logistics systems. Such exchanges
may be required in the redistribution of crude o0il and products
during a supply disruption and may be necessary to ensure maximum
withdrawal rates from the SPR.

Government, of course, should monitor inventories. But control
of inventories is best left to the individual decisions of the
thousands of individual operators. Action to pre-determine levels
of inventory is not recommended. Such action could seriously re-
duce the flexibility of the logistics system.
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Chapter Eight

INTERNATIONAL CONSIDERATIONS

INTRODUCTION

The preceding chapters of this study discussed in considerable
detail possible policies and plans for the U.S. government to apply
in a major interruption of petroleum imports. The United States
also has international commitments as a signatory of the Agreement
on an International Energy Program (IEP) and a member of the Inter-
national Energy Agency. The IEA's emergency allocation system
would involve the United States in a system in which the 21 member
countries would share available o0il supplies. In the event of an
IEA general oil shortage, U.S. companies might be required to
divert supplies to other countries more dependent on imports than
the United States; in the event the United States experienced a
disproportionately severe supply disruption, others would provide
supplies to the United States.

This part of the study focuses on the coordination of U.S.
plans with the IEP. Its purpose is to examine the interactions, to
discuss the relationship of U.S. plans to its IEA commitments, and
to comment on the IEA system in practice. For the reader unfamil-
iar with the IEA, a description of the emergency system and a glos-
sary of terms and abbreviations used in this report are provided in
Appendix M.

It is not the purpose of this study to evaluate the current IEA
system or the wisdom of U.S. participation in it. It does not as-
sess the ability of other member nations to participate in the
sharing system and, therefore, does not comment on how effectively
the IEA system would function in an emergency.

SUMMARY

The following pages focus on two types of concerns: the U.S.
government's preparations to meet its IEA obligations and certain
improvements the U.S. government might suggest that the IEA con-
sider undertaking. The recommendations for the U.S. government to
consider are several, but three key steps are suggested which would
apply to U.S. participation in the IEA before as well as during an
emergency.

A forum is needed to inform reporting companies serving on IEA
industry advisory groups of positions the United States will be
taking on emergency preparedness issues that come before the .IEA
governments. It 1is suggested that if it 1is possible within the
existing legal framework, these companies be consulted as positions
are being developed. This would become particularly important if
the IEA were to consider revisions to the IEP Agreement itself in
light of past performance and experience. The broad question of
advisory groups for overall U.S. emergency planning and for manag-
ing an emergency is addressed in Chapter Nine of this study. It is
suggested here that IEA issues receive appropriate consideration if
such a group is formed.
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A separate but related step would be the designation of a
government advisory panel to assist the President in determining
whether an IEP emergency should be declared. Such a panel as dis-
cussed here relates to the workings of the IEA's trigger mechanisms
and the Secretariat's "findings," and should have access to indus-
try advice. This function could be filled by the government energy
contingency planning entity discussed in Chapter Nine.

The third key step is coordinating U.S. representation on the
various IEA bodies. The United States should consider being repre-
sented in the IEA by a single government agency. Multiple agency
involvement with the IEA in Paris may result in an uncoordinated
view of U.S. positions. Other interested agencies should, of
course, continue to play appropriate roles within the U.S. gov-
ernment on IEA matters.

In addition to these overall concerns, several points are
raised for the U.S. government to consider when formulating its

emergency plans.

e Emergency standby measures in the United States should take
into account potential international emergency oil
allocation.

@ Antitrust clearances are needed if the IEA emergency alloca-
tion measures are triggered and effective cooperation among
companies is required.

e The government energy contingency planning entity discussed
in Chapter Nine should make preparations to handle the ad-
ministrative tasks involved in the international emergency
program, including in particular monitoring company supply
positions, evaluating IEA data and recommendations, and
implementing emergency allocations as necessary.

® Experience during emergency tests has pointed to the need
for personnel both in Paris and in the NESO to be familiar
with the details of the IEA system. Attention to training,
perhaps in conjunction with IEA tests, would be one step to
consider.

e Information should be provided to the U.S. public on the IEA
and its activities. Plans should be considered for a public
information program during an emergency to explain coopera-
tive international efforts under way.

® Nonreporting U.S. companies should also be informed of and
be involved in IEA plans and activities.

@ New legislation may be necessary to facilitate the export of
Alaskan crude o0il in an emergency should such exports be
required to provide logistical efficiency. Similarly, new
regulations would be required for the export of other in-
digenous crudes in a timely fashion.
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The United States should develop its demand restraint program
and encourage other members in developing their programs. The
United States should encourage the IEA to address the means of
pricing internationally mandated sales on a commercial basis in its
emergency procedures, as price is frequently mentioned as an un-
resolved problem in the IEA system.

Two procedural revisions to the IEA are suggested to reflect
recent experience. There should be some consideration given to
establishing an estimate of "current demand" or "normal supply" for
use in determining the true effects of an interruption in o0il im-
ports. This would reduce both the distortion of the base period
concept in a period of declining demand and the effect of actual
seasonal demand vs. an annual base. It would also return the
trigger threshold closer to the level envisaged when the IEA was
formed.

Recognizing the desirability of keeping informed on interna-
tional supply problems that may be encountered below the formal
activation threshold, a rapid response consultation procedure
should be encouraged as a means of addressing lower level disrup-
tions, replacing undefined or ad hoc procedures. This may involve
international consultations as needed to understand developments
and identify problems. If, as a result of these consultations,
national governments propose new measures, they should be well
defined and the principles on which such measures are based should
be spelled out and agreed to in advance. It should be recognized,
however, that provision of a flexible informal system of consult-
ing and communicating among participating governments will be an
effective role for the IEA in most lower level supply interruption
situations. This view is based on past experiences with rigid,
formalized allocation systems that cannot easily keep up with
changes in the marketplace, especially one that 1is as vast and
complex as the international petroleum market.

U.S. INTERFACE WITH THE IEA IN AN EMERGENCY

The declaration of an emergency would involve the United States
in a highly complex international emergency sharing program. Mem-
bership in the IEA involves a significant commitment on the part of
all members in that the sharing program has serious impact on their
domestic energy policies and emergency plans. All participating
countries must be able to meet these commitments in order for the
allocation program to work. While it is beyond the scope of this
study to evaluate the policies and programs of each member, it is
important to do so in the case of the United States.

Legislation and Decision-Making Authority

In order to participate in the sharing system, member govern-
ments need the enabling authority for the necessary domestic
actions and standby emergency programs. The United States has pro-
vided the former under the Energy Policy and Conservation Act of
1975. The President has the authority to declare an emergency and

229



to take the steps necessary to meet U.S. obligations to the IEP.
This Presidential declaration is also required before any U.S.-
based companies can participate in the sharing program without risk
of antitrust violations. Even though the IEA may decide to trigger
international emergency sharing, the President must make a compar-
able finding in order to activate U.S. participation.

Thus, a Presidential decision is the key to U.S. participation
in the IEA sharing program. To this end, the U.S. government
should have in place an advisory panel consisting of high level
government employees with access to the information necessary to
evaluate the situation. This panel should also have access as
needed to advice from industry experts knowledgeable in the work-
ings of industry. This function could be filled by the government
energy contingency planning entity discussed in Chapter Nine.

The case of a selective shortfall in the United States may be
more complex. The U.S. government must decide whether to seek IEA
assistance when the United States 1is experiencing a selective
shortfall. Scenario 1A is an example. The assumed shortfall equal
to 10 percent of exports from OAPEC and Iran would be directed at
the United States alone. This U.S. shortfall of 2 MMB/D would be
sufficient to activate the IEA allocation system through a selec-
tive trigger. 1In that case, the United States would be assumed to
have reduced demand by 7 percent, depending on the details of the
allocation calculation some of the remainder of the shortage would
be supplied proportionately by other IEA members. In the NPC
scenario, however, it has been assumed that the IEA system would

not be activated. Such a decision -- whether to seek IEA assist-
ance or not -- would be a serious one for a government panel to
consider.

Most importantly, the U.S. government should re-examine its
decision-making authority when it comes to issues raised within the
various IEA bodies. Several parts of the Executive Branch have
been involved in U.S. relationships with the IEA, including the
DOE, the State Department, the Justice Department, and the Federal
Trade Commission. While the decision-making process no doubt func-
tions best with some variety of input, the representation in Paris
should be well defined and limited. As an example, over a dozen
people were involved in speaking for the United States during the
recent emergency test.

Since each agency speaks from its own viewpoint, the United
States has not taken a consistent posture in the IEA. This is in
sharp contrast to some other countries which present a coordinated
government policy and, in some cases, have developed this posture
in consultation with their o0il industry. This is the case in
routine deliberations of the IEA as much as in an emergency. Too
often an observer would be left with the impression that 1legal
issues and antitrust enforcement were the primary concerns of the
United States in the IEA, to the neglect of energy policy and
emergency management.
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The United States represents a large part of the IEA in terms of
the volumes involved and the size and numbers of companies. Its
best people should be involved with the IEA in Paris both to pro-
tect its interests and to oversee U.S. cooperation with the IEA.
Given the large role the United States plays, such a commitment is

also necessary to the efficient operation of the entire allocation
system.

Administration of the Emergency: The NESO

Each IEA member must designate a National Emergency Sharing
Organization (NESO) to oversee its participation in the emergency
program. This is a vital part of the IEA system since each NESO
plays such a key role both domestically and internationally. In
the United States, the Department of Energy would serve as the
NESO. In an emergency, the DOE would be the point of contact with
the IEA Emergency Management Organization; it would submit data to
the IEA and receive data back on the supply position of each coun-
try, and it would oversee fulfillment of the IEA obligations commu-
nicated to it.

Demand Restraint

Perhaps the first step the DOE must take is to implement emer-
gency measures to achieve a significant reduction in demand -- 7 or
10 percent of consumption, or more if the Emergency Reserve Draw-
down Obligation (ERDO) requirement is to be met in part by demand
restraint. As discussed in an earlier chapter, there are a variety
of measures that can be considered. Since the U.S. supply right
will be determined assuming demand restraint of this order, failure
to meet these targets would result in unsatisfied demand and the
consequent market pressures.

Allocation

A more complex task for the NESO involves the allocation of
supplies where coordination between international obligations and
domestic allocation 1is involved. Two aspects of allocation are
important -- meeting the IEA allocation right or obligation and the
interaction with any emergency standby distribution program in the
United States.

With respect to the international aspects of this problem, the
IEA emergency tests and the DOE in its preparations have tended to
focus on U.S. allocation obligations. However, the United States
must also be capable of working additional supplies into its
domestic plans. At the extreme, the DOE has the authority to man-
date allocation steps which are needed to balance international
allocation rights and obligations but which have not been achieved
through voluntary measures. Such steps would be identified by the
Industry Supply Advisory Board, recommended by the Allocation Coor-

dinator, and approved by the Standing Group on Emergency Questions
and the Governing Board.
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A second major function of the DOE relates to the role of the
reporting companies. The allocation system will function best if
the necessary reallocations can be achieved as much as possible on
a voluntary basis. Realistically it might be assumed that during
the process of cycling data through the appropriate channels, the
DOE might approach companies informally. However, in doing so the
DOE should be sensitive to the conflicting demands being placed on
international companies by their domestic customers, by other IEA
members, and by non-IEA countries. And the DOE should be aware
that each company's supply picture will change. The monthly re-
ports can only provide a snapshot of a constantly evolving supply
situation. The DOE should monitor offers to remain on top of the
situation and to be able to evaluate suggested steps.

It is particularly important that the DOE be able to evaluate
the reallocation recommendations from the IEA in light of the do-
mestic situation. The IEA receives detailed information on inter-
national flows but does not follow domestic supply patterns or
distribution programs. Therefore, its recommendation may not be
the most efficient in terms of the domestic situation.

A particular point of coordination involves what the IEA terms
"fair sharing" of domestically available supplies, whether imported
or locally produced, among companies, and in the case of the United
States, among regions. A company diverting a U.S.-destined cargo
should be reasonably confident that it and its customers will not
thereby suffer a disproportionate disadvantage in its U.S. markets.
Emergency standby measures should be available in the United States
if needed to distribute available supplies, particularly if inter-
national companies are to be encouraged to make voluntary interna-
tional reallocations. In addition, geographic adjustments may be
necessary. If, for example, imports to the East Coast are severely
reduced, other domestic supplies may have to be shifted to these
areas.

To ensure maximum flexibility to meet the international alloca-
tion obligations, exemptions should be provided in an emergency to
allow the export of indigenous crude oils to provide logistical
efficiency. In some cases it may prove most efficient, both from
an international and a domestic standpoint, to meet a U.S. obliga-
tion using Alaskan crude oil, for example, rather than interna-
tional supplies destined for the East Coast. Such a step might
also simplify the task of balancing supplies among regions in the
United States since otherwise the Alaskan crude o0il might have to
be transported to the East Coast to replace international supplies
and equalize the regional impact of the shortage. (This also
serves to emphasize the point that the DOE must be able to evaluate
IEA recommendations and company offers in terms of efficiency in
the U.S. market.)

It should be noted that while the IEA will calculate the U.S.
share of IEA imports monthly, the patterns of deliveries from month
to month will deviate from the target levels. Thus, some degree of
flexibility must be built into both the domestic and international
aspects of emergency allocation. The IEA has built such flexibil-
ity into its program in that it is not expected that members can
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balance allocation rights and obligations month by month but rather
cumulatively over time. The DOE must be able to audit the U.S.
position with respect to supply rights and obligations as they
develop over time and to identify the most efficient course of
action to satisfy such obligations.

Other Responsibilities

The NESO in each country would be responsible for relating to
NESOs in other countries as necessary. In particular, the DOE must
establish a close working relationship with its counterpart in
Canada because of the extensive links between the logistics systems
of these two countries. Exchanges or other cooperative steps may
become desirable to facilitate meeting IEA allocation obligations.
The level of government-controlled stocks and the regulations gov-
erning them would be an integral part of the DOE or NESO function.
This is discussed further in the next section.

A selective trigger could cause particular problems which the
DOE must be able to address. A selective trigger implemented for a
country or group of countries may call upon the United States to
divert some supplies to those countries. It can be assumed that
these diversions would not be sufficient to activate the U.S.
emergency measures. Yet some 0il demand reduction or inventory
draw may be required to absorb the shortfall. 1In this case a full
domestic o0il sharing program would not be justified.

The above points list the major functions expected from the DOE
in terms of IEA obligations. A key element that is less tangible
but no 1less important is the ease and speed of communications
between the NESO, the IEA, and the companies. These relationships
are apt to prove vital to facilitating voluntary reallocation and
hence the smooth functioning of the entire IEA system. This can
only emphasize the importance of assigning high quality and well
trained personnel in the DOE to interact with the IEA in Paris and
with the companies in the United States.

Emergency Reserve Drawdown Obligation

Each country's ERDO -- the difference between permissible con-
sumption and the supply right -- can be met by drawing emergency
reserves or by any other means the member may choose. The U.S.
emergency authorities must have plans for meeting this portion of
the shortfall by drawing inventories, demand restraint beyond the 7
or 10 percent requirement, fuel substitution, or additional domes-
tic production. Current emergency reserve levels are not adequate
to meet a U.S. ERDO except in a very limited disruption scenario.

The IEA requires that member countries hold emergency reserves
equal to 90 days of the previous year's imports (but not below 1979
levels). For this purpose, the IEA counts total stocks (except
naphtha and bunker fuel) 1less 10 percent for "unavailable oil."
(The IEA is currently considering the question of whether to add
naphtha to the definition of emergency reserves.) Minimum operat-
ing stocks and other commercial inventories are included in this
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IEP definition of emergency reserves. Thus, while in theory nearly
all countries currently meet the 90-day target, their ability to
draw on these emergency reserves varies greatly.

In the United States, the emergency reserve requirement 1is
about 790 million barrels (based on 1979 imports averaging 7.9
MMB/D). While U.S. inventory levels on October 1, 1980, were twice
that at 1.4 to 1.5 billion barrels, the 790 million barrel require-
ment is below estimated minimum operating levels (stocks required
to operate the distribution system without significant disrup-
tions), currently about 900 to 1,000 million barrels. Thus, for
the United States or for any country with substantial indigenous
production, the IEA reserve requirement does not increase supply
protection beyond the level routinely expected to be available.
The commercial stocks held by industry above the minimum operating
level may provide some protection in an emergency but the size of
these inventories does vary. While they currently provide inven-
tory protection above what might normally be expected, there is no
assurance this will be the case when the supplies are needed.

Data Systems

The IEA emergency procedures include specific report formats
and timing to be used by "reporting companies" and "participating

governments." These reports focus on international supply data but
do include domestic supplies. These data allow the IEA to calcu-
late "allocation rights" and "obligations." To minimize confusion

and duplication of effort, the data on international supplies re-
quired by the U.S. government in an emergency should, to the extent
possible, be consistent with the IEA requirements in timing, con-
tent, and definition of terms. The potential for confusion is
great if two sets of similar but not identical data need to be
handled.

The different conventions for reporting units -- volume vs.
weight -- present a problem in particular for the United States
where volume measures (barrels) are used, while Europe, Japan, and
the IEA use measures of weight (tons). The DOE should coordinate
closely with the IEA Secretariat and the reporting companies to
ensure that the IEA is familiar with the appropriate conversion
conventions for U.S. data in order to minimize conflicting data
series. And the IEA Secretariat for its part should state the
conversions it has applied in each report it issues.

Problems of definition may be more of a concern. For example,
stock data required by the DOE relate to crude oil and product
within U.S. borders. The IEA requests company reports which in-
clude o0il in transshipment terminals destined for IEA countries.
Thus, if a company complied with both regulations it would report
one volume to the DOE -- excluding, for example, Caribbean trans-
shipment facilities -- and a second, larger volume to the IEA. A
similar example arises in the definition of indigenous production
where the DOE asks companies to include lease purchases and the IEA
does not. While country totals for indigenous production should be
identical, the IEA definitions would suggest it would be looking at
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a somewhat different company profile. The DOE must at minimum be
aware of these problems or, preferably, work with one consistent
set of data.

To illustrate the potential importance of data consistency and
accuracy among all IEA countries, a problem arose in the recent
test of the emergency system. According to the U.S. government,
the case concerned data from other member countries which were not
consistent with U.S. reports. This discrepancy amounted to a dif-
ference of 40 to 850 MB/D in U.S. supplies. This example serves to
emphasize the point that the United States should strive for con-
sistency with IEA terms and procedures. It also suggests the need
to work with the IEA to encourage such consistency on the part of
other members.

U.S. Companies

A large number of the reporting companies in the IEA system are
U.S.-based companies, including several large international compa-
nies. These companies must be prepared to cooperate with the IEA,
and the U.S. government must facilitiate that cooperation. At the
same time, these companies will be subject to a complex series of
domestic regulations. The potential conflicts between the domestic
and international commitments may represent serious problems. Some
simple mechanism for companies to resolve these conflicts can fa-
cilitate the emergency management task of the regulatory author-
ities. One potential solution 1is to designate a company contact
within the NESO who would be familiar with that company's position
during the emergency and would maintain close communication with
that company.

One major area where the companies would experience a problem
involves the antitrust laws. The need is clear for the proper
antitrust authorities to provide in-advance clearances or safe-
guards for the types of activities the o0il companies can partic-
ipate 1in, including the details of reporting and monitoring
requirements. Some balance must be achieved between the need of
the regulators to monitor company activities and the potential
reporting burden. The documentation requirements should not impede
a company's ability to cope with an emergency and cooperate with
the IEA. Most importantly, until a plan of action as required by
the Energy Policy and Conservation Act is provided detailing emer-
gency activities, U.S. companies cannot participate in the IEA
sharing system without risking charges of antitrust violations, not
only by governments but also by allegedly injured private parties.

Some forum may be appropriate to allow regular consultations
between the companies and the United States on key international
issues the United States confronts in the IEA. The U.S. government
has not developed formal procedures for consulting with U.S.-based
companies on IEA activities. The DOE may have had informal discus-
sions with individual companies prior to making a policy decision
on an international issue before the IEA, but no regular procedure
has been developed.
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It is also desirable to have "nonreporting companies" inte-
grally involved in the emergency system. The distinction between
reporting and nonreporting companies involves submission of data
directly to the IEA Secretariat. More broadly, the reporting
companies have been involved in the development of the emergency
system and, for the most part, are familiar with the IEA and its
procedures. However, nonreporting companies in the United States
are also significant to the U.S. market and should be involved 1in
the international allocation system. Their understanding of the
IEA system and how it affects them would facilitate their coopera-
tion in an emergency.

Public Acceptance of IEA Obligations

The DOE and the U.S. government must be able to defend partici-
pation in the al